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ABSTRACT
The principal obj ective of this thesis was to
descriptively and empirically assess shellfish consumption
hazards in the state of Rhode Island and to evaluate the use
of a shellfish hazard warning label to modify unsafe
consumptive behaviors. To accomplish this task, three
research problems were examined using a survey instrument.
The survey instrument was a questionnaire which included both
closed and open-ended questions. The survey questions were
designed to identify four primary research variables;
shellfish consumptive behaviors, consumer knowledge of
shellfish hazards and related government advisories,
perceptions of risk regarding personal shellfish consumption,
and response to warning label information.
The first research problem involved determining whether
the consumptive behaviors of Rhode Island shellfish consumers
placed them at risk of contracting shellfish-related
illnesses. Based on the survey reSUlts, it was concluded that
the majority of respondents consumed shellfish in an unsafe
manner. In addition, it was determined that nearly half of
high-risk respondents, who suffered from pre-existing health
conditions which increased susceptibility to food-borne
illness, also practiced unsafe consumptive behaviors.
The second research problem involved determining whether
statistical relationships existed between respondents'
ii
consumptive behaviors, their knowledge of risks and their
perceptions .of personal risk. It was determined that a
statistically significant relationship existed between:!)
consumer knowledge levels and consumption of lightly steamed
shellfish, and 2) consumer knowledge levels and perceptions of
risk. The lack of a relationship between raw shellfish
consumption and either consumer knowledge or risk perception
indicated that consumers may be unaware of the serious nature
of potential consumption hazards.
The third research problem involved determining the
potential influence of point-of-sale shellfish warning labels
on consumer behaviors. It was found that the nearly two
thirds of the study population and over eighty-five percent of
high-risk consumers would modify their unsafe behaviors after
reading a sample warning label. However, only three to five
percent of respondents stated that they would stop consuming
shellfish altogether.
The research results suggested that a potential pUblic
health problem existed within the state of Rhode Island. It
was recommended that the RIDOH institute a pilot shellfish-
hazard education program in an attempt to mitigate unsafe
consumptive behaviors and to fulfill responsibilities towards
pUblic health. This program would also inform consumers that
shellfish are a wholesome and nutritious food when properly
cooked.
iii
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CHAPTER I
INTRODUCTION
preface
All foods, if handled, stored or prepared improperly,
have the ability to cause illness in the consumer (Hackney and
Dicharry 1988). To protect consumers, federal and state
governments have promulgated strict regulations regarding
perishable food items (NAS 1991). These regulatory measures,
along with advances in food preservation technology, have
greatly reduced the occurrence of food-borne illness.
Today, most food products sold in the United states are
free of harmful contaminants. However, some animal products,
such as raw molluscan shellfish, may contain illness-causing
pathogens (NAS 1991). Identification of the hazards
associated with molluscan shellfish in the state of Rhode
Island and the related pUblic response are the subjects of
this thesis.
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statement of the Research problem
For nearly a century, ingestion of molluscan shellfish
(clams, mussels, oysters, scallops) has been known to cause
illness in humans (Shear and Gottlieb 1980; Morse et al.
1986). Shellfish-related illnesses range from mild stomach
distress (gastro-enteritis) to serious and potentially fatal
diseases such as Paralytic Shellfish Poisoning, Vibrio
vulnificus infection and cholera (Morse et al. 1986; Tilton
and Ryan 1987; Ahmed 1991; Huss 1991; NAS 1991).
In the interest of promoting pUblic health, domestic
governments, both federal and state, have assumed considerable
responsibility for food safety (Gormley et al. 1987).
Although these responsibilities include informing consumers of
potential food hazards, most states, including Rhode Island,
do not emphasize consumer education in their shellfish hazard
management programs. In many jurisdictions, consumer
education would be of marginal value because shellfish
consumption is low and associated hazards are small or
nonexistent. However, in Rhode Island, where shellfish
consumption is relatively high and consumers purchase
considerable quantities of live shellfish in restaurants and
for home consumption, potential health hazards are numerous
and significant.
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Ob;Lectives of the study
This research study had three main obj ectives . The
principal objective was to determine if a threat to public
health existed in Rhode Island because of the consumption of
molluscan shellfish. To assess the potential threat, a survey
instrument was administered to selected Rhode Island shellfish
consumers to develop data regarding statewide shellfish
consumption.
The secondary objective of this study was to investigate
potential relationships among three shellfish consumption
variables (shellfish consumptive behavior, consumer knowledge
of shellfish-related health hazards and consumer perception of
risk) . Assessing these relationships provided a greater
understanding of how cognitive processes influence consumer
risk-taking behaviors and could provide insight for more
effective health mitigation efforts. The third objective of
this study was to assess the efficacy of point-of-sale warning
labels as a tool to reduce or control unsafe shellfish
consumptive behaviors. This was accomplished by having
respondents read a sample shellfish warning label and asking
whether it would change their eating habits. Data developed
by this question allowed an evaluation of the potential
influence of product warnings.
3
OBJECTIVES'····
Justification of the study
This study on shellfish consumption in Rhode Island was
undertaken for several reasons. The first was that there was
an absence of information regarding shellfish consumption
patterns in the united states (Hlady 1994, Kaysner 1994). To
date, nearly all studies on shellfish consumptive behaviors
have addressed either consumers of Gulf of Mexico sh.ellfish or
high risk patient groups (NAS 1991). As a result, there was
minimal information demonstrating baseline behavior patterns
and perceptions for the majority of u.s. shellfish consumers.
Without baseline data, there will be no effective way to
identify which segments of the population are at risk of
contracting shellfish-related illnesses. Identifying and
examining populations at-risk will be essential in the on-
going development and refinement of pUblic health programs.
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Secondly, governments have assumed responsibility for
informing consumers of potential health hazards (Gormley et
al. 1987) . Montero (1991) noted that consumers had
historically displayed a lack of cooking knowledge about
seafood products. with shellfish, this lack of knowledge may
lead consumers to eat shellfish in an unsafe manner. Unsafe
consumptive behaviors expose consumers to microbial
contaminants and may result in illness or possible mortality.
clearly, the general pUblic can derive benefits from
practicing safer shellfish consumptive behaviors (NAS 1991).
Benefits increase for consumers with impaired immune functions
who are at greater risk of contracting disease1 • However,
research had not been undertaken to identify either the number
(or universe) of individuals at risk, or the likely number of
individuals who would benefit from enhanced consumer
protection programs. This recognizes that although many
individuals may be at risk and could derive benefit from
increased government inVOlvement, only a portion of this group
would benefit from consumer protection efforts.
optimally, research efforts should first identify whether
consumption hazards constitute a public health problem. If a
problem is found to exist, the next step would be to identify
For example, the CDC estimates that 71,000 people in
Florida with liver disease eat raw oysters. However, only
fifteen percent are believed to know they are at risk of
contracting shellfish-related illness (Wright 1993).
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those consumers who are at greatest risk and to determine the
most efficient methods of mitigating or controlling the risk.
These data would allow program managers to allocate their
resources in a manner which would maximize public benefits.
The third research phase would occur after program
implementation and would involve the evaluation of a public
health program. Without a program evaluation, there would be
no scientific way to determine if governmental efforts were
effective in reducing hazards to consumers.
This research was a preliminary study which focused on
the first and second research phases; determination of
significant risk and examination of potential public health
mitigation efforts. It first identified the hazards of
consuming shellfish in Rhode Island and assessed related
health risks. In doing so, it also identified highly-
susceptible populations who were at greatest risk of
contracting illness. Second, it evaluated the use of product
warnings to influence consumer behavior and reduce potential
health impacts. It is hoped that this effort will lead to a
full-scale investigation of shellfish-related health risks
within the state of Rhode Island.
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CHAPTER II
AN EXAMINATION OF MOLLUSCAN SHELLFISH
AND RELATED DISEASE VECTORS
Introduotion
The consumption of molluscan shellfish is known to cause
illness in human consumers. This chapter examines the two
primary elements of shellfish-related illness: 1) introduction
of contaminants into the mollusc, and 2) potential
consequences of human ingestion. It begins by explaining the
physiology of molluscs to demonstrate how shellfish capture
and bio-accumulate illness-causing contaminants. A general
description of shellfish-related health hazards is then
provided, highlighting the contaminants most frequently
implicated in food-borne disease.
Shellfish Biology and Feeding Behavior
The term molluscan shellfish refers to a class of
invertebrate animals such as clams, mussels, oysters and
scallops which live in aquatic environments. Molluscan
shellfish acquire sustenance by filtering nutrients from
water, hence the name filter-feeders2 (Huss 1991). In this
2 Due to their hinged shells, molluscan shellfish are
also classified as bivalves (Ely 1989).
7
process, shellfish siphon water into their bodies through a
tube-like organ and pass the fluid over their gills, which are
specifically adapted to filter out microscopic algae and other
small organic particles (See Figure 1) (Ballentine 1985).
During filter-feeding, molluscan shellfish capture
numerous organic and inorganic substances other than the
nutrients on which they subsist (Huss 1991; NAS 1991). Once
ingested, these substances are often absorbed by the mollusc
and may bioaccumulate or reproduce in shellfish tissue. For
example, the level of harmful bacteria in a filter-feeder may
be from three to twenty times that found in adjacent harvest
waters (Ballentine 1984). Biological contaminant levels may
also increase after harvest, particularly if shellfish are
stored at improper temperatures (Cook and Ruple 1989).
Shellfish contaminants
Shellfish contaminants, for purposes of this study, are
defined as materials, foreign to shellfish, which are acquired
by molluscs during feeding or respiration and may induce
illness in human consumers. Shellfish contaminants fall into
four main categories; viruses, bacteria, biotoxins, and
chemicals. The following discussion highlights these four
contaminant groups and identifies those contaminants which are
the greater threats to shellfish consumers. An extended
discussion of likely contaminants is provided in Appendix B.
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FIGURE 1
BALLENTINE MODEL OF SHELLFISH ANATOMY
I
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Figure 1 taken from Ballentine (1983).
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Viruses
Viruses are microscopic organisms which infect living
cells. Many viruses are associated with fecal matter and are
often found in seawater which has been contaminated by
domestic sewage. Input sources include combined sewage
overflows, failing septic systems, ocean disposal of sewage
sludge or discharges from marine traffic (Goyal 1984; Gerba
1988) .
In the marine environment, viral pathogens are acquired
by molluscs during filter feeding (NAS 1991). Shellfish may
also be contaminated after harvest if handled improperly by
infected or exposed individuals (Cliver 1994). Some viruses
may then be transmitted from molluscan hosts to human
consumers, particularly when shellfish are eaten raw or
lightly cooked (Huss 1991). Viral transmission to consumers
often results in illness (NAS 1991).
Outbreaks of shellfish-associated viral disease have been
increasing since 1970 (Gerba 1988). Today, the majority of
shellfish-associated diseases in the United States are caused
by viral pathogens (Liston 1990) .
implicated in shellfish-borne
Hepatitis A (NAS 1991).
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The viruses most frequently
illness are Norwalk and
Bacteria
Bacteria are microscopic organisms which thrive
throughout the natural environment, living in soils, waters
and organic materials. Most bacteria are non-invasive but
some are parasitic and pathogenic and may cause illness in
humans. Some pathogenic bacteria enter marine ecosystems via
sewage disposal but many others are indigenous to the marine
environment and are not associated with fecal pollution (NAS
1991). According to Liston (1990), these naturally-occurring
bacteria have replaced enteric bacteria as the primary causes
of shellfish-associated bacterial disease.
The bacterial species most frequently implicated in
shellfish-borne illness outbreaks are of the family
Vibrionaceae, which includes the genera Vibrio (NAS 1991).
Vibrio bacteria live throughout the ocean but thrive in mildly
salty estuarine waters with temperatures of 20-30 degrees
Celsius (Liston 1990; NAS 1991). Correspondingly, most cases
of bacterial shellfish disease in the United States occur
during late summer and early fall, when bacterial counts are
highest (Blake 1983; NAS 1991). Blake (1983) stated that for
individuals orally infected with Vibrio, the vehicle of
transmission is almost exclusively raw or undercooked
shellfish, or seafood cross-contaminated after cooking and
allowed to incubate before consumption. In the United States,
the most common Vibrio illnesses are caused by y. cholerae, y.
parahaemolyticus, and y. vulnificus (Liston 1990).
11
Biotoxins
Marine biotoxins are poisonous compounds produced
naturally by microscopic marine algae (dinoflagellates and
diatoms) (NAS 1991; Anderson et al. 1993). Like terrestrial
plants, these organisms require sunlight for growth and
photosynthesis (White 1989). Under conditions of optimal
growth, they reproduce rapidly (or bloom), discoloring the
water with photo-synthetic pigments which are commonly
referred to as red tides (White 1989: Anderson 1994).
During a phytoplankton bloom, toxic algae may be eaten by
shellfish, which accumulate biotoxins within their tissues.
Although many biotoxins are harmless to molluscs, they may
cause severe illness in human consumers. Diseases caused by
toxic shellfish consumption include Paralytic Shellfish
Poisoning (PSP) , Neurotoxic Shellfish Poisoning (NSP) ,
Diarrhetic Shellfish Poisoning (DSP) and Amnesic Shellfish
Poisoning (ASP) (NAS 1991).
Chemicals
Chemical shellfish contaminants are anthropogenically-
derived organic and inorganic compounds found in marine
ecosystems. Like other contaminants, these chemical compounds
are taken up by molluscan shellfish during routine feeding and
may be harbored in shellfish tissue. Many of these compounds
are potentially toxic to human consumers.
According to the NAS (1991), the inorganics with the
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greatest potential for human toxicity via shellfish ingestion
are arsenic, cadmium, lead and mercury. The organic compounds
with the greatest potential to contaminate seafood include
industrial byproducts such as poly-chlorinated biphenyls
(PCBS) and poly-aromatic hydrocarbons (PAHs). Many of these
chemicals are documented or suspected carcinogens.
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CHAPTER III
SHELLFISH HAZARDS IN RHODE ISLAND
Introduction
This chapter discusses shellfish hazards in the state of
Rhode Island. It highlights environmental conditions in the
state, both natural and anthropogenic, which are potentially
hazardous to shellfish consumers. It then identifies the
contaminants most likely to cause illness in the consuming
public.
contamination of Rhode Island Shellfish
Anthropogenic contamination
The Narragansett Bay estuarine system, which contains the
primary shellfishing areas within the state of Rhode Island,
is the recipient of many environmental contaminants (see
figure 2). These contaminants are largely the result of
combined sewage overflows (CSOs), wastewater treatment
facility bypasses, failed septic systems and discharges from
recreational vessels (Roman 1990).
CSOs are a design element of Rhode Island's sewage
treatment systems which collect both domestic wastewater and
urban runoff (Roman 1990) (See Figure 3). During wet weather,
excess wastewater volumes flow into sewage systems, often
15
FIGURE 2
MAP OF NARRAGANSETT BAY AND SURROUNDING COMMUNITIES
RtiQOE l"il&.HO So~o
Narragansett Bay
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FIGURE 3
REPRESENTATION OF A COMBINED SEWAGE OVERFLOW SYSTEM
0000000
Figure 3 taken from Romaon (1990) .
17
exceeding the capacity of existing treatment facilities (Roman
1990; Kadri 1991). This directs untreated sewage and runoff
to "overflow" into the marine environment3 (Roman 1990). It
is estimated that Rhode Island's one-hundred and twenty esos
discharge four billion gallons of contaminated water annually
(Boyd 1991), and are responsible for the majority of sewage-
associated pathogens in Narragansett Bay (Roman 1990).
Septic system failure is another major source of bay
contamination (Roman 1990; Boyd 1991). When individual sewage
disposal systems (ISDS) are ruptured or breached, domestic
sewage (and associated pathogenic organisms) leaches out into
the surrounding soil and is incorporated into groundwater.
Because human viruses may remain viable in groundwater up to
two-hundred feet downgradient from a septic source (Roman
1990), any septic systems situated along the Narragansett Bay
estuarine system have the potential to contaminate harvest
areas. As of 1990, nearly forty percent of the state IS
population was dependent on ISDS technology (Roman 1990).
To protect consumers from shellfish-associated disease,
the Rhode Island Departments of Environmental Management
(RIDEM) and Health (RIDOH) routinely monitor harvest areas.
If pathogenic contaminants exceed federal standards, the
3 When eso bypass regulators are not properly
maintained they may become clogged with debris, leading to
untreated discharges during dry weather as well (Kadri
1991) .
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harvest areas are closed by the state .
One flaw in the current protection system involves water
quality testing. Because sewage treatment efforts (ie.
chlorine disinfection) are more effective against bacteria
than against viruses, water quality tests do not always
indicate the presence of viral pathogens (Gerba 1988; Roman
1990; Nas 1991; Regan et ale 1993). According to Roman
(1990), all of Rhode Island's wastewater treatment facilities
rely exclusively on chlorine disinfection treatments.
In addition to pathogenic organisms, specific portions of
Narragansett Bay are contaminated by chemical compounds and
heavy metals (Kipp 1991). Chemical compounds found in
Narragansett Bay include PCBs, chlorinated hydrocarbon
pesticides, PAHs and benzotriazoles (NAS 1991). Heavy metals
found include cadmium, chromium, copper, lead, mercury, nickel
and zinc (Horsley 1981). According to the NAS (1991), the
1986 Mussel Watch survey listed Narragansett Bay in the top
twenty-five most contaminated sites for lead.
According to Jeon and Oviatt (1991), approximately 565
metric tons of heavy metals, 1,726 metric tons of
hydrocarbons, and twenty-six kilograms of PCBs enter the bay
annually. Sources include rivers flowing from Massachusetts,
industrial effluent released into marine waters, sewage
treatment plant discharges and urban runoff (Horsley 1981;
Desbonnet and Lee 1991). Contaminant distribution was
greatest in the north, near Providence, and generally declined
19
in a downbay gradient (Jeon and oviatt 1991).
Although the actual prevalence of chemical contamination
in Narragansett Bay shellfish is unknown (Matyas 1991), it
appears that levels of PCBs, organic toxins, heavy metals and
hydrocarbons in Narragansett Bay have been decl ining
(Desbonnet and Lee 1991). Moreover, the areas most
contaminated by toxic compounds are in the upper bay, which is
already closed due to excessive fecal coliforms (Kipp 1991).
Although contamination levels are significant, it is likely
that shellfish harvested legally in Narragansett Bay hold
little risk of causing chemical-associated illness in the
average consumer.
Natural Hazards
In addition to anthropogenic environmental contamination,
Rhode Island shellfish are susceptible to natural hazards
including bacterial pathogens and biotoxin blooms. The most
significant hazards are as follows:
1. Naturally Occurring Bacteria (Vibrio)
Several studies have identified that naturally-occurring
Vibrio bacteria live in New England estuarine environments
(Oliver et al. 1983 : Tilton and Ryan 1987: 0' Neill et al.
1989: 0' Neill et al. 1990: 0' Neill et al. 1992) . Although
most of Rhode Island's marine waters are too saline for
20
optimal vibrio growth4 , y. vUlnificus, has been isolated from
molluscs and waters of Rhode Island Sound and Narragansett Bay
(Tilton and Ryan 1987). Because Vibrio are more prevalent in
summer months, when water temperatures are highest (O'Neill et
al. 1990), it is likely that some Rhode Island shellfish
harvested between July and September contain Vibrio bacteria.
At present, no Vibrio illnesses have been linked to Rhode
Island shellfish. However, several infections, including two
cases of y. vulnificus, have been associated with shellfish
harvested from Long Island Sound (Tilton and Ryan 1987). Due
to similar environmental characteristics, it is likely that:
1) some Rhode Island shellfish may harbor Vibrio bacteria on
a seasonal basis, and 2) a small percentage of Rhode Island
shellfish consumers are exposed to these bacteria. Moreover,
Rhode Island consumers are continually at risk from Gulf of
Mexico or Chesapeake Bay shellfish which may be imported and
sold within the states.
4 Vibrio bacteria grow best in brackish water
environments with salinity levels of 7 to 15 parts per
thousand (ppt). Although parts of the upper bay (such as
the Providence River) may dip to 20 ppt, the average
salinity in Narragansett Bay is approximately 29 to 31 ppt
(Ely 1988).
S According to Wright (1994), y. vulnificus levels in
Chesapeake Bay shellfish harvested during summer months are
comparable to those reported in the Gulf of Mexico.
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2. Marine Biotoxins
Microscopic marine algae which produce marine biotoxins
are found in all New England waters, including Rhode Island.
Although no shellfish intoxication has ever been reported in
Rhode Island, there is reason for concern. Gonyaulax
tamarensis, the organism that produces toxins associated with
Paralytic Shellfish Poisoning (PSP) , has been found in Rhode
Island waters (White 1989). Low levels of PSP toxicity were
recorded in Narragansett Bay in 1979 (White 1989). According
to the RIDEM, a major PSP toxin event is likely to occur in
Rhode Island waters within the next few years (Migliore 1995) .
A second phytoplankton species of concern is Dinophysis
acuminata, which produces toxins associated with Diarrhetic
Shellfish Poisoning (DSP). Maranda and Shimizu (1987) found
that ~. acuminata are habitual residents of Narragansett Bay.
Mussels harvested in september 1984 tested positive for DSP
toxins (Maranda and Shimizu 1987). Although the accumulation
of DSP toxins did not appear to be a maj or problem in
Narragansett Bay shellfish (Maranda and Shimizu 1987), the
very presence of toxin-producing algae combined with our
limited understanding of algal proliferation suggested that
Rhode Island shellfish and shellfish consumers risk exposure
to DSP toxins.
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A third phytoplankton of concern is Nitzschia ~ungens,
which has been linked to Amnesic Shellfish Poisoning (ASP).
Although N. pungens appears on the Narragansett Bay Project's
"checklist" of phytoplankton in Narragansett Bay (Hargraves
1990), state regulators do not routinely test for this diatom
or for associated biotoxins.
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CHAPTER IV
FACTORS WHICH INCREASE SHELLFISH CONSUMPTION RISKS
Introduction
As shown in the previous chapters, shellfish contaminants
have the potential to cause illness in the consuming public.
In many consumers, the risk of illness may be quite small.
However, there are certain factors which increase the risk of
contracting disease. These factors include the consumption of
raw or undercooked shellfish and the presence of pre-existing
health conditions in consumers. An examination of these
factors and their potential effects on consumer illnesses was
vital to a thorough understanding of public health hazard.
Consumptive Behaviors
Because molluscan shellfish have the ability to ingest
and harbor viral and bacterial pathogens, the consumption of
raw or lightly cooked shellfish increases the risk of
contracting shellfish-related disease (NAS 1991). These risks
increase as greater quantities of shellfish are consumed (Wood
1976; Desenclos et al. 1991a).
According to data gathered by the Centers for Disease
Control (CDC), eighty-five percent of seafood-borne illness in
the u.s. over the past decade can be traced to raw shellfish
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consumption (Billy 1991). Numerous studies have also
attributed disease to undercooked shellfish (Koff et al. 1967;
Morse et al. 1986; Desenclos et al. 1991a; Centers for Disease
Control 1993: Hlady 1994).
Microbial pathogens (viruses, bacteria) , the most
frequent causes of shellfish-related disease, may be
eliminated by bringing the internal temperature of shellfish
to one-hundred degrees Celsius6 (Ed Med 1986). Under normal
conditions, it takes four to six minutes of steaming to attain
this temperature (Anon. 1986). However, because overcooking
shellfish negatively influences characteristics of taste and
texture, most consumers only steam shellfish one or two
minutes, until the shells open (Em Med 1986; Morse et al.
1986; Tilton and Ryan 1987). Therefore, temperatures used in
steaming shellfish are often insufficient in intensity or
duration to inactivate microbial pathogens (Morse et al.
1986)7.
6 In contrast, marine biotoxins are heat-stable. No
amount of cooking will render toxic shellfish safe for human
consumption (Ahmed 1991).
7 To prevent microbial food-borne illness, the FDA
suggested either boiling shellfish for three to five minutes
after the shells have opened or steaming them for four to
nine minutes (Long 1994). For shucked meats, they suggested
boiling for at least three minutes, baking for ten minutes
at 450 degrees F., or frying in oil for ten minutes at 350
degrees F. (Long 1994). More conservative researchers have
advocated boiling shellfish for at least twenty minutes
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pre-Existing Health Conditions
Consumers with pre-existing health conditions are more
likely to contract shellfish-related disease, particularly
when consuming raw or undercooked products. High-risk groups
have been identified as individuals sUffering from cancer,
hepatic/liver disease, renal/kidney disease, Diabetes
Mellitus, gastric disease, steroid-dependent asthma, HIV or
other immuno-suppressant diseases (Hackney and Dicharry 1988;
Ennis et al. 1990; NAS 1991; Whitman 1994). Elderly
individuals are also at greater risk because of compromised
health and weakened immunity arising from the aging process
(Ennis et al. 1990). According to the FDA, these high risk
consumers should avoid eating raw or lightly cooked shellfish
products (Lyon 1994).
Prevalence of Pre-existing Conditions
in Rhode Island Consumers
The consumption of molluscan shellfish is part of Rhode
Island's cultural heritage (Boyd 1991). Although no recent
studies have delineated per capita shellfish consumption
within the state, it is likely that consumption rates are
higher than the national average (approximately 0.544 pounds
consumed annually per person) (NFl 1996). Many of these
prior to consumption (Mosley and Galambos 1975).
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shellfish are eaten raw or partially cooked.
Because shellfish consumers with chronic illness have a
significantly greater risk of contracting shellfish-associated
disease, it is important to note how many actual or potential
consumers have conditions which place them in high risk
consumption categories. Although many figures on health
conditions are unavailable, population estimates are as
follows:
1. HIV infection
As of December 1994, the RIDOH estimated that at least
four-thousand Rhode Island residents were HIV positive
(LoBerti 1995). Approximately fourteen-hundred of these
people had developed the symptoms of AIDS (Nugent 1996).
2. Diabetes Mellitus
It is estimated that thirty-five thousand Rhode Island
residents suffer from some form of diabetes (Goldman
1996). Approximately nine-thousand have the more severe
Type One or Juvenile diabetes which is associated with
major pancreatic disfunction (Goldman 1996).
Approximately twenty-six thousand have Type Two diabetes
in which pancreatic function slowly decreases over
time (Goldman 1996).
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3. Elderly
People aged eighty-five and older comprise the fastest
growing segment of the nation's population (Nugent 1996).
From 1960 to 1994 this population increased by two
hundred and seventy-four percent (Nugent 1996). As of
1990, over twenty-nine thousand Rhode Island residents
were seventy-five or older, over nineteen thousand were
eighty or older and over sixteen thousand were at least
eighty-five years of age (Buechner 1996).
Because reliable population estimates for many chronic
health conditions were unavailable, the following information
was acquired from hospital discharge data for the twelve-month
period of September 30, 1993 to October 1, 1994. Please note
that these data do not discriminate between residents and non-
residents and do not account for Rhode Island residents who
sought out-of-state medical treatment. However, these data do
indicate how many people in the state had previously
identified health conditions which required extended medical
treatment during the given period.
4. Liver Disease
In the stated period, three-hundred and twenty-four
individuals were treated for chronic liver disease in
Rhode Island hospitals (Buechner 1996).
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5. Acute or chronic alcoholism
Two-hundred and forty-eight individuals were treated for
alcohol-dependence syndrome (Buechner 1996).
6. Gastric disease
Two-thousand and eighty individuals were treated for
diseases of the esophagus, stomach and duodenum including
stomach cancer and ulcers (Buechner 1996).
7. Steroid-dependent asthma
One-thousand seven-hundred and seventy-seven individuals
were treated for chronic asthma (Buechner 1996).
According to the figures above, as many as seventy-two
thousand Rhode Island residents (approximately 7.2%) could
have pre-existing health conditions which place them at high
risk of contracting food-borne illness. BE:!cause data was
unavailable for other conditions such as renal disease or
cancer, it is likely that the actual number of residents with
conditions of vulnerability was much higher.
summary
Considering the relatively high levels of shellfish
consumption within Rhode Island and the extent of chronic
illness in the state, it was likely that some Rhode Island
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residents were engaging in extremely risky shellfish
consumptive behaviors. According to Kaysner (1994), many U. s.
consumers were unaware that these pre-existing conditions
placed them at high risk of contracting shellfish-associated
disease. If government regulatory efforts cannot provide
consumers with contaminant-free shellfish, alternative
regulatory methods must be considered.
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CHAPTER V
THE MANAGEMENT OF SHELLFISH HAZARDS:
GOVERNMENT CONSUMER PROTECTION PROGRAMS
Introduction
The United states, as a sovereign entity, has the
responsibility and authority to protect the health of the
people within its jurisdiction (Goerke and Stebbins 1968).
One aspect of health which has historically come under
government supervision is the regulation of foods to ensure
product safety. This chapter examined the primary government
consumer protection program relating to molluscan shellfish,
the NSSP, and discussed whether government agencies are
adequately safeguarding the consuming pUblic from shellfish-
related health hazards.
The National Shellfish Sanitation Program (NSSP)
Background
The National Shellfish Sanitation Program (NSSP) was
established in 1925 by the u.s. Public Health Service. It is
a voluntary program in which public and private entities work
cooperatively to ensure the sanitary integrity of the u.S.
shellfish supply (NAS 1991; Clem 1994). Its principal
objective was "to provide a mechanism for certifying that
31
shellfish shipped in interstate commerce meet agreed upon,
specific sanitation and quality criteria" (NAS 1991). The
application and maintenance of these criteria would provide a
safer product to the consuming public.
Responsibilities under the NSSP
The NSSP's principles of pUblic health control created a
tri-partisan system in which the states, the federal
government, and private industry each assume responsibility
for certain sanitary and safety procedures (USDHHS 1990). For
example, shellfish shipping states enact laws and promulgate
regulations to ensure that shellfish are grown, harvested,
processed and transported in a sanitary manner (USDHHS 1990).
The federal government, through the USFDA, establishes product
safety guidelines and undertakes annual reviews of state
shellfish control programs (USDHHS 1990). The shellfish
industry cooperates by adhering to NSSP sanitation standards
including the maintenance of sanitary processing facilities
(USDHHS 1990).
The NSSP is currently administered by the Interstate
Shellfish Sanitation Conference (ISSC), an organization
comprised of the three focus groups; the FDA, state agencies
and the shellfish industry (NAS 1991). The role of the ISSC
is to evaluate the NSSP, deliberate program changes, establish
uniform guidelines and obtain compliance from members states
and the shellfish industry (Clem 1994).
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NSSP inadequacies
For over seventy years, the NSSP system has worked to
ensure the safety of domestic shellfish and shellfish
products. Today, molluscan shellfish are the most extensively
regulated seafood commodity (NAS 1991; Otwell 1991) and are
viewed as being safer than ever before (Moore 1996).
Unfortunately, the NSSP has been unable to effectively
control many shellfish-related health hazards. contaminated
shellfish continue to reach the public, causing consumer
illness (Pocari and Baumel 1986; Gottfried et ale 1987; Noble
1990; NAS 1991). Moreover, molluscan shellfish are still
implicated in the majority of seafood-associated disease (NAS
1991) .
Several studies have criticized the NSSP system. Salient
points are outlined below:
A. NSSP as a voluntary program.
NSSP critics contend that voluntary programs encourage
some process participants to disregard or neglect certain
provisions designed to protect the pUblic interest. For
example, Pocari and Baumel (1986) stated that NSSP regulations
are "implemented at the discretion and convenience of
individual regulatory agencies". Gottfried et ale (1987)
stated that NSSP "guidelines have no legal status and are
legally unenforceable", and that states are under no
obligation to follow FDA sanitation guidelines. The NAS
(1991) stated that shippers, receivers and participating
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states have significant discretion in using NSSP safety and
quality information.
In reality, these criticisms may be somewhat exaggerated.
Although technically a voluntary program, the FDA does have
the authority to restrict or ban the exportation of shellfish
from any state or interstate shipping company if NSSP
guidelines are not followed. According to Ken Moore, Isse's
executive director, the threat alone of banning shellfish
exports from a state or removing a shipping company's name
from the interstate certification lists has resulted in quick
compliance with FDA guidelines (Moore 1996). Yet, compliance
is not an easy thing to determine and it is likely that some
private entities are not as vigilant as they should be in
adhering to recommended protocol guidelines.
B. Inadequate funding.
Funding for shellfish sanitation programs is not being
adequately maintained at either the state or federal levels
(Moore 1996). Budgetary constraints have resulted in manpower
shortages, decreasing the quality and effectiveness of state
program enforcement (Zimmerman 1986; Gottfried et ale 1987;
NAS 1991). Limited enforcement capabilities increase
opportunities for illegal harvesting of shellfish in
restricted areas (Gottfried et ale 1987).
Because uncertified areas are closed to shellfishermen,
they often contain much greater clam densities (Zimmerman
1986) . In difficult economic times, there is a strong
34
temptation to harvest from these productive areas (Zimmerman
1986) . Unfortunately, shellfish that have been illegally
harvested from polluted waters have been the most frequent
cause of shellfish-related illness (Ballentine 1984). Unless
shellfish regulations are effectively enforced, controlling
illegal recreational and commercial harvesting (bootlegging),
shellfish consumers will continue to be at elevated risk of
contracting foodborne illnesses (NAS 1991).
C. Improper technical standards.
During precipitation events shellfish contaminants enter
marine ecosystems via urban runoff, groundwater surges and
CSOs. To protect the public interest, NSSP regulations
prohibit shell fishing in conditional areas for a minimum of
seven days following any rainfall in excess of a half inch, or
for a minimum of ten days following rainfall in excess of two
inches within a twenty-four hour period (Roman 1990; Kadri
1991). However, this period of closure is not long enough to
allow some contaminants to adequately dissipate. For example,
y. Cholerae may survive for seventy days in seawater at
twenty-five degrees Celsius (Miller et ale 1984). Therefore,
states must be vigilant in their testing and monitoring
programs following heavy precipitation events.
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D. Obsolete indicator tests.
The NSSP certification system for shellfish harvesting
areas is based on total and fecal coliform tests (NAS 1991).
These tests indicate the presence of enteric bacteria in the
water column (Panocorbo and Barnhart 1992). Since both
enteric bacteria and viruses enter marine environments through
sewage, coliform bacteria tests were also used to indicate the
presence of viral pathogens (Ballentine 1985; Richards 1987) .
However, there are several problems associated with the use of
coliforms to indicate microbial contamination:
Dl. Bacterial coliform tests do not always detect
enteric viruses. Because coliform bacteria are much more
sensitive to chlorine than are enteric viruses such as
Norwalk and Hepatitis A, sewage treatment may eliminate
greater amounts of indicator bacteria than viruses (Gerba
1988; Roman 1990; NAS 1991; Regan et ale 1993).
D2. The survival rates of many enteric viruses in the
marine environment are greater than those of coliform
bacteria, particularly in winter months (Regan et ale
1993). Thus, viruses may persist in the environment and
be accumulated by shellfish long after indicator bacteria
have dissipated (Gerba et ale 1979; Goyal et ale 1979;
Khalifa et ale 1986; Panocorbo and Barnhart 1992).
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D3. Coliform tests only indicate that an area has been
contaminated by sewage. Because naturally-occurring
microbial pathogens (including those of the genus Vibrio)
are not associated with domestic waste, coliform tests do
not indicate their presence (NAS 1991).
In an attempt to provide consumers with greater safety
assurances, the ISSC has instituted a multi-million dollar
study to develop more effective contamination indicators
(Moore 1996). Over the past several years this National
Indicator Study uncovered three or four potential candidates
which have consistently identified pathogenic contaminants
(Moore 1996). These candidates may be used singularly or in
conjunction depending on the suspected or expected source of
contamina~ion (Moore 1996). However, more funding is needed
to complete the research (Moore 1996). Thus, it will be
several years before these new indicators are approved for use
in NSSP operations (Moore 1996).
Summary
This discussion of the NSSP reveals that currently
utilized health control measures used to protect the pUblic
from shellfish associated microbial disease are less than
optimal. The majority of seafood-associated illnesses are
caused by molluscan shellfish (NAS 1991). Moreover, numerous
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outbreaks of viral gastroenteritis, Hepatitis A and Vibrio
illness have been associated with shellfish harvested from
approved areas (NAS 1991; CDC 1993; Regan et al. 1993; CDC
1995).
Because molluscan shellfish cause illness in consumers
there is a demonstrable need to improve current protection
programs. Two main problems with the current protection
system are in surveillance/enforcement and the use of
ineffective contamination indicators. Remedies may include an
increase in funding for enforcement programs and the
development of alternative indicator standards which
consistently identify both bacterial and viral pathogens.
38
CHAPTER VI
ENFORCEMENT OF SHELLFISH REGULATIONS IN RHODE ISLAND
Introduction
This chapter discusses enforcement of shellfish
regUlations in the state of Rhode Island. It highlights
problems faced by state enforcement officials including
manpower shortages.
Enforcement of Shellfish Regulations
Shellfish harvested illegally from contaminated areas are
most likely to cause illness in consumers. Therefore, the
surveillance of closed harvesting areas is crucial to the
control of shellfish related disease (NAS 1991). In Rhode
Island, the RIDEM's Division of Enforcement is charged with
protecting shellfish resources in state waters and preserving
the sanitary quality of Rhode Island shellfish in local and
national markets (Holst 1992).
As of January 1996, there were thirty-eight enforcement
officers employed by the state (Green 1996). At optimal
coverage (controlling for days off, sick leave and vacation
time) each officer would work one eight-hour shift each day.
This would leave twelve or thirteen officers on duty at any
given time.
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There is a question as to whether thirty-eight
enforcement officers are sufficient to protect the pUblic
interest. For example, these officers patrol over 379 square
kilometers of potential shellfish harvesting areas (pilson
1991). Moreover, shellfish management is only one of several
enforcement responsibilities. other responsibilities include;
commercial finfishing, lobstering, sport fishing, hunting,
boating safety, forestry and pollution (Holst 1992). Even
though officers may spend fifty to seventy-five percent of
their time enforcing shellfish regulations and patrolling
closed areas (Green 1996), it appears that the state's ability
to enforce shellfish regulations is limited.
This problem was highlighted in a recent survey of Rhode
Island shellfish harvesters (Gordon 1993). In this study, a
significant amount of full-time shellfishermen (over one-
third) had never been boarded by enforcement officials.
Another third had not been boarded in the previous year.
These data suggested that the at-sea enforcement presence of
the RIDEM could be expanded.
Officially, the RIDEM believes that their shellfish
enforcement efforts are sufficient and have successfully
reduced health risks to the consuming public. According to
Deputy Chief Torn Green (1996), bootlegging has been reduced
dramatically over the past several years. Today, nearly all
harvesters are complying with regulations (Green 1996). In
1995, there were several arrests of bootleggers and, although
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the violations were intentional, they were sporadic and
isolated, not part of any large concerted effort (Green 1996) .
Deputy Chief Green attributed this level of compliance to
a concerted law enforcement effort which began in the early
1980s. Whereas penalties for violations were once minimal,
they are now severe and include prison time, stiff monetary
fines and boat forfeitures (Green 1996). These "get tough"
policies have resulted in a reduction of violations and
violators (Green 1996). Problems still exist, but have been
significantly reduced (Green 1996) . However, one source within
the RIDEM still contended that the Enforcement Division is
"way understaffed" and will be of limited effectiveness unless
funding levels are increased (Anonymous 1996).
summary
Although there are several factors decreasing the
effectiveness of Rhode Island's shellfish safety program, no
shellfish-associated illnesses have been reported in the state
for over a decade and no molluscs harvested from R.I. waters
have been suspected of causing disease in other states since
1986 (Kovac 1995). This suggests that either current
management techniques are adequately protecting the public
interest or that illnesses which have occurred have been
unreported, have been misdiagnosed or have not required
medical assistance. Since most food-borne illnesses are never
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reported to health authorities (Huss 1991) and shellfish
related gastro-intestinal diseases (which constitute the
majority of shellfish-associated illness) are often not
recognized by patients and physicians (Matyas 1991), it is
likely that the latter examples are the case. Clearly, some
Rhode Island shellfish consumers risk exposure to natural and
anthropogenic shellfish hazards.
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CHAPTER VII
ALTERNATIVE REGULATORY METHODS:
EDUCATION AND INFORMATION PROVISION
Introduction
As discussed in previous chapters, government agencies
have been unable to adequately control the distribution of
unsafe shellfish to the pUblic.~ However, governments can
still fulfill their obligations to consumer safety by using
alternative regulatory methods such as consumer warnings and
education programs. This chapter briefly outlines the use of
information provision in the marketplace and discusses its use
with molluscan shellfish. It highlights the current federal
and state efforts to inform, educate or warn consumers of
potential shellfish hazards. An extended discussion of
alternative regUlatory programs is provided for in Appendix c.
Information provision
Information provision has been defined as the regulation
of product risks through consumer education (Hadden 1991).
Governments typically use information provision to present
health and safety information to the consumer. This
information gives consumers the ability to make educated
decisions regarding the use of potentially hazardous products.
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When acting rationally, educated consumers will choose safer
options (Staelin 1978), minimizing the potential for product-
related illness or injury. Thus, information provision can be
an important component of a consumer safety program.
Methods of Information Provision
Information provision strategies have been used in the
united states for nearly a century (Hadden 1991). The four
primary methods of information provision currently utilized
are as follows:
1. Placing Public Service Announcements on television, radio
or other media (Ennis et ale 1990). Although these
announcements may have limited informational content,
they will have maximum distribution to consumers;
2. Distributing educational materials to consumers,
processors and medical professionals (Ennis et ale 1990).
These may include pamphlets or posters which detail
potential hazards and means of control;
3. Advising health and safety professionals to personally
inform consumers of potential hazards and safe
consumptive behaviors;
4. Mandating the use of written warnings on potentially
hazardous products (Ennis et a1. 1990). These labels may
be broad in scope or may specifically target highly
susceptible consumer groups.
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Information Provision and Food safety
All foods, if handled, stored or prepared improperly,
have the potential to cause illness in the consumer (Hackney
and Dicharry 1988). According to the FDA, at least twenty-
five percent of foodborne illness outbreaks result from unsafe
consumer handling and storage (Williamson et ale 1992). Many
illnesses could be avoided if consumers practiced safer
consumptive behaviors, including proper sanitation,
preparation and storage techniques.
Of all major animal protein products, seafoods may be the
least understood by consumers. Montero (1991) noted that
seafood consumers often lack knowledge of proper cooking
techniques. More disturbingly, both Johnson et ale (1988) and
Ennis et ale (1990) found that many high-risk consumers were
unaware of the potential hazards of raw shellfish ingestion.
This is significant since high-risk individuals who contract
illnesses such as y. vulnificus may exhibit mortality rates in
excess of fifty percent (Ennis et ale 1990; Ennis et ale
1994) . As a result, some experts have advocated stronger
consumer education programs which will provide the pUblic
(particularly high risk consumers) with more detailed
shellfish safety information (Kilgen 1994, Thompson 1994).
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Information Provision and Shellfish: Recent Developments
USFDA Efforts
The USFDA has recently instituted two programs aimed to
educate consumers of potential shellfish hazards. In 1994,
the USFDA created the seafood safety hotline and in 1995 it
established a ~ vulnificus education campaign. These
programs were intended to inform consumers of the hazards
associated with the consumption of raw oysters and, according
to the agency, have educated many consumers about specific
health hazards such as ~ vulnificus (Stuckey 1996). However,
neither program has addressed other shellfish safety hazards
including those illnesses with lesser mortality ratios and
hazards associated with the consumption of lightly steamed
shellfish.
state Warning Labels
Three states, California, Florida and Louisiana have
unilaterally implemented shellfish hazard awareness programs
which use warning labels8 (Rothchild 1990; Spear 1991; Sutton
1993). These labels must be displayed in any restaurant or
retail store which sells raw oysters from the Gulf of Mexico
(Spear 1991; Sutton 1993).
California is shown below:
The required warning from
8 An extended discussion of warning labels is provided
in Appendix D.
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WARNING
EATING RAW OYSTERS MAY CAUSE SEVERE ILLNESS AND EVEN
DEATH IN PERSONS WHO HAVE LIVER DISEASE (FOR EXAMPLE
ALCOHOLIC CIRRHOSIS), CANCER OR OTHER CHRONIC ILLNESSES
THAT WEAKEN THE IMMUNE SYSTEM. If you eat raw oysters
and become ill, you should seek immediate medical
attention. If you are unsure if you are at risk, you
should consult your physician.
Although other states routinely issue consumption advisories
for potentially dangerous food products, these three were the
first to require the provision of specific shellfish warnings
at the point of purchase.
1993 Food Code
The 1993 Food Code (hereafter the Code) is a set of
USFDA guidelines which required states to promulgate
regulations to establish minimum standards for sanitation and
safety in food businesses (RIDOH 1994) . Included within the
Code were standards of food handling, such as stipulations on
employee health and personal sanitation, and food preparation
directives inclUding proper cooking temperatures for foods of
animal origin.
One specific provision which related to shellfish
consumption mandated the use of written advisories for certain
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food products. Under this provision, all raw or undercooked
animal products served in food establishments must carry a
consumer advisory (Julian 1995). The recommended advisory is
as follows:
This advisory represented the first significant attempt at the
federal level to mandate the provision of food safety
information in food serving establishments. However, this
advisory is likely to be of limited effectiveness as a
consumer education tool because it is non-specific and lists
neither associated illnesses nor conditions of vulnerability.
Consumers may also be unaware that their health conditions
increase susceptibility to food-borne illness. This may lead
vulnerable consumers to unknowingly disregard the warning
statement. Unless reinforced by supplemental education
efforts, this advisory may either be ignored or misinterpreted
by consumers.
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CHAPTER VIII
RESEARCH PROBLEMS, HYPOTHESES
AND ASSUMPTIONS
Objectives of the Study
The principal objective of this study was to determine if
a threat to public health existed in Rhode Island because of
the consumption of molluscan shellfish. A secondary objective
was to determine if relationships existed between shellfish
consumptive behavior, consumer knowledge and consumer
perception of risk. A third objective was to descriptively
and empirically assess the efficacy of a consumer education
program utilizing warning labels in the state of Rhode Island.
To fulfill this study's objectives, a survey instrument
was administered to a select sample of Rhode Island shellfish
consumers. This instrument elicited four variables: 1)
shellfish consumptive behaviors, 2) the extent of consumer
knowledge regarding shellfish-related health hazards, 3)
consumer perception of risks, and 4) consumer response to
shellfish warnings. These variable groupings were used to
determine whether Rhode Island consumers are at risk of
contracting shellfish-related disease, the extent of that risk
and the efficacy of shellfish warning labels as a means to
reduce unsafe consumption.
49
Hypotheses
To determine variable characteristics and the nature of
potential variable relationships, eleven hypotheses were
developed and tested using statistical techniques. They are
as follows:
B-1 Selected Rhode Island shellfish consumers exhibited
unsafe consumptive behaviors.
Hypothesis One addressed the principal research question of
whether Rhode Island consumers ate shellfish in a manner which
promoted shellfish-related infection and illness. If
consumers practiced unsafe consumptive behaviors (ie. eating
raw or lightly cooked shellfish), which placed them at high
risk of contracting disease, then the state of Rhode Island
should consider classing shellfish consumption as a pUblic
health issue.
B-2 Selected Rhode Island consumers were aware of shellfish-
related health hazards, proper preparatory techniques and
associated government advisories.
Hypothesis Two addressed the issue of whether Rhode Island
consumers were knowledgeable about shellfish-related health
hazards. When consumers are ignorant of potential health
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hazards, they are more likely to engage in unsafe consumptive
behaviors. Unsafe behaviors increase health risks. Thus, if
consumer knowledge of shellfish-related health hazards was
gauged to be low, pUblic health authorities should consider an
intervention program.
B-3 A statistically significant number of respondents
perceived that they were at low risk of contracting
shellfish-related disease.
Hypothesis Three addressed the issue of whether Rhode Island
shellfish consumers perceived that they were at risk of
contracting disease as a result of their shellfish consumptive
behaviors. If consumers had low perceptions of risk, they may
be more apt to participate in risky behaviors, potentially
impacting their health.
H-4 When selected Rhode Island shellfish consumers were
knowledgeable about shellfish safety hazards, they ate
more raw shellfish.
H-S When selected Rhode Island shellfish consumers were
knowledgeable about shellfish safety hazards, they ate
more lightly cooked shellfish.
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U-6 When selected Rhode Island shellfish consumers were
knowledgeable about shellfish safety hazards, they ate
more raw and lightly cooked shellfish.
Hypotheses Four, Five and Six examined the relationship
between consumer knowledge of shellfish-related health hazards
and shellfish consumptive behaviors. If statistical
correlations exist between knowledge and behavior, then
increasing knowledge through consumer education may decrease
unsafe consumption, limiting incidents of disease.
H-7 The consumption of raw shellfish by selected Rhode Island
shellfish consumers was directly related to their
perceptions of risk regarding shellfish hazards.
H-a The consumption of lightly steamed shellfish by selected
Rhode Island shellfish consumers was directly related to
their perceptions of risk regarding shellfish hazards.
H-9 The consumption of raw and lightly steamed shellfish by
selected Rhode Island shellfish consumers was directly
related to their perceptions of risk regarding shellfish
hazards.
Hypotheses Seven through Nine examined whether Rhode Island
shellfish consumers perceived that their food choices and
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subsequent consumptive behaviors placed them at high risk of
contracting disease. Consumers with improper perceptions, who
believe that they are at low risk when their behaviors were in
fact quite risky, may have greater potential to consume
shellfish in an unsafe manner. From a pUblic health
standpoint, such belief systems are highly undesirable.
H-10 Selected Rhode Island consumers who ate shellfish in an
unsafe manner and perceived that they were at high risk
of contracting shellfish-related illness were highly
knowledgeable about associated health hazards.
Hypothesis Ten examined the relationship between risk
perception and knowledge in those consumers who exhibited
unsafe consumptive behaviors. If a statistical correlation
was found between these two variables, the implication will be
that an increase in knowledge would not influence consumers to
choose safer consumptive behaviors.
B-11 A statistically significant amount of selected Rhode
Island consumers who had read a sample warning label
Which addressed potential consumption hazards would
modify their behavior in a manner consistent with the
stated warnings.
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Hypothesis Eleven examined the potential influence of
shellfish warning labels on consumer behavior. If consumers
stated that the information contained in a sample warning
label would minimize their unsafe consumptive behaviors,
pUblic health officials should investigate the use of similar
warning programs.
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Major Assumptions
Although this study used statistically appropriate
techniques in data gathering, organization and hypothesis
testing, there were uncontrolled for factors which could
possibly skew the results. These research assumptions are
presented below:
A-l It was assumed that the shellfish consumption
behaviors and rates of consumption of respondents
are consistent.
A-2 It was assumed that the explanatory information
provided in the survey instrument did not bias
respondents towards higher perceptions of personal
risk regarding their shellfish consumptive
behaviors.
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CHAPTER IX
METHODS AND PROCEDURES
Introduction
This chapter presents the statistical methods and
procedures used for this research study. There are two
components to the methodology discussed in this chapter. The
first component related to the design and implementation of
the research instrument which collected data on shellfish
consumption in the state of Rhode Island. The second
component involved the three research objectives and testing
the eleven hypotheses introduced in Chapter Eight. SUbsequent
chapters will present and discuss the research findings and
implications of the results.
Research Instrument
The survey instrument used in this study was a two page
questionnaire designed to isolate behavioral characteristics
of Rhode Island shellfish consumers. This survey is
presented, summarized and explained in Appendix A.
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survey Procedures
The survey instrument was designed to elicit quantitative
data from Rhode Island shellfish consumers. To ensure clarity
and accuracy of content, thirty-five surveys were pre-tested
in February of 1995 at the Aquidneck Lobster Company in
Newport, Rhode Island. After minor modifications, surveys
were administered using on-site intercept during March and
April of 1995 at the Department of Motor Vehicles in
Wakefield, Rhode Island. A total of three-hundred and seventy
surveys were completed by respondents. Of these, three-
hundred and fifty-eight surveys were used in the present
analysis. Twelve surveys were discarded because respondents
did not complete the second page of questions. The sample
size was chosen arbitrarily to conform to economic and
temporal constraints.
survey Populations
The survey population consisted of a selected sample of
Rhode Island shellfish consumers who agreed to participate in
the research. The only criteria for population selection were
that the respondents be Rhode Island residents and that they
had consumed molluscan shellfish in the past year. Survey
data was not solicited from individuals who did not meet these
criteria. This group was termed the primary population and
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consisted of three-hundred fifty-eight consumers.
In an attempt to elicit more information from the survey
data, three subpopulations were separated from the primary
population. Subpopulation A consisted of those respondents
who were more susceptible to food-borne illness than the
average consumer. This sUbpopulation included twenty-nine
individuals either of advanced age (seventy+ years old) or
suffering from chronic disease (steroid-dependent asthma,
diabetes, liver disease, kidney disease, cancer, HIV-infection
or other immuno-suppressant illness). Because these high-risk
consumers are at greatest risk of contracting food-borne
disease and often suffer more severe symptoms, it was
important to assess this group separately.
SUbpopulation B consisted of two-hundred twelve consumers
who ate shellfish in an unsafe manner (either raw or lightly
cooked). Subpopulation C consisted of one-hundred and forty-
nine consumers who specifically ate raw shellfish. These
sUbpopulations were segmented in an attempt to extract greater
amounts of information from the survey data.
Survey Data Analysis
The survey data were analyzed according to four variable
groupings: Behavior, Knowledge, Perception and Warning
Response. These variables represented several important
attributes, both physical and cognitive, of shellfish
consumption within the state of Rhode Island. Variable
compilation is explained below:
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Primary Variables
1. Variable One - Behavior
The variable "Behavior" was a quantitative representation
of the amount of shellfish annually consumed by seiected Rhode
Island residents and the cooking methods used. It was
tabulated by aggregating the responses to survey questions
three, four and five.
In survey question three, respondents were asked to
estimate, on a ten point scale, how often they eat shellfish.
This ten-point scale was similar to that used by Matlock et
al. (1991). A response of "1" indicated that the respondent
eats shellfish once/year, "3" indicated every other month, "5"
indicated once/month, "8" indicated once/week, and "10"
indicated that shellfish are eaten every day. Using this
scale as a basis, values representing the average number of
days per year in which shellfish were eaten CADE) were
assigned to the responses.
Table 4.
The results are shown below in
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In question four, respondents were asked to circle how
many shellfish were consumed in an average serving. Ten
categories were given ranging from "1-2" to "19-20+". The
mean value of the selection was used in variable compilation.
For example, if the respondent circled "1-2", a value of "1.5"
was used as the average number of shellfish consumed (ANC).
One exception was with the maximum serving size (19-20+).
When this was chosen, a value of twenty was listed as the ANC.
The ANC values were then mUltiplied by the ADE values to show
the average annual consumption (AAC) of shellfish by
respondents.
Calculation of Average Annual Consumption (AAC)
In question five, respondents were asked to estimate what
percentage of the shellfish consumed were eaten raw, lightly
steamed, heavily steamed/boiled, or baked/fried. Four scales
were presented, each corresponding to a consumption category.
Each scale ran from zero percent to ninety/one-hundred
percent. Responses were intended to add up to one-hundred
percent, representing, in quantitative terms, consumptive
behaviors of respondents. Unfortunately, several respondents
either disregarded directions or miscalculated their
percentages, resulting in values other than one-hundred
percent. These response values were refigured by summing the
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percentages and dividing each given value back into the total.
This resulted in a proportional distribution of values. This
manipulation was not considered to be a sufficient threat to
the validity of the responses.
Of the four consumptive categories, the two of primary
interest were the percentage of shellfish eaten raw (PRAW) and
the percentage eaten lightly steamed (PSTH). The refigured
percentages were then multiplied by the annual average
consumption of shellfish (AAC) to determine the average annual
number of shellfish eaten raw (NRAW) and lightly steamed
(NSTH) by respondents. The sum of NRAW and NSTH provided the
total number of shellfish consumed unsafely by respondents
annually (NSUM). These three sub-variables represented the
variable "Behavior".
Calculation of Consumption Sub-variables
NRAW=PRAWxAAC
NSTM=PSTMxAAC
NSUM=NRAW+NSTM
2. Variable Two - Knowledge
The variable "Knowledge" was a quantitative
representation of consumer knowledge regarding shellfish-
associated health hazards and proper shellfish
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handling/preparation techniques. In questions seven through
sixteen, respondents were asked a series of ten yes/no
questions regarding shellfish. Respondents were given the
option of not responding to any questions if they were unsure
of the answer. The responses to these questions were
converted into a knowledge rating. Each correct response
represented a higher level of safety knowledge and thus,
contributed one point to the respondent's Knowledge Rating.
Each incorrect response or omission was given a value of zero.
The resultant rating represented the variable "Knowledge".
3. variable Three - Perception
The variable IIPerception" is a quantitative
representation of the perception of risk respondents had
regarding their personal shellfish consumption. In question
six, respondents were asked to consider their consumptive
behaviors and list, on a ten-point scale, what chance they
have of becoming sick from eating shellfish. On this scale,
"1" represented a perception of no risk and "10" represented
extreme risk. The resultant values comprised the variable
"Perception".
4. Variable Four - Warning Response
The variable "Warning Response" was a quantitative
representation of the influence that shellfish warning labels
would have on consumer behavior. In question seventeen,
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respondents were asked to read a sample shellfish warning
label and state whether this warning would influence
sUbsequent consumptive behaviors. Responses ranged from
'1
continuation of current behavior to the cessation of shellfish
consumption altogether. These answers comprised the variable
"Warning Response".
statistical Analysis: overview
Prior to testing the data, it was determined that non-
parametric statistical methods would be employed. According
to West (1992), non-parametric statistics are used when data
is Nominal9 , Ordinal'O, or unevenly distributed". One
9 Nominal data is such that the researcher may
identify differences in the data, allowing numerical
categorization, without being able to measure the degree of
difference between observations (West 1992). Examples
include male versus female and Democrats versus RepUblicans
versus Independents etc. (West 1992).
'0 Ordinal data is such that the data may be ranked or
placed on a continuum from low to high. Perceptual data is
considered ordinal because the valuations are imprecise and
the intervals between observations cannot be quantified
except for the recognition that one value is ranked higher
and lower than the adjacent values (West 1992).
A data set is considered unevenly distributed when
the Standard Deviation (a value representing the amount of
variance within the data set) is greater than the Mean (West
1992) .
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method of determining if the data is evenly distributed is by
comparing the values of the mean and standard deviation. If
the standard deviation is greater than the mean, it is safe to
assume that the data set is not evenly distributed (West
1992) . Preliminary analysis revealed that the three behavior
sub-variables (Nraw, Nstm, Nsum) were all unevenly
distributed. Thus, for reasons of caution, all statistical
tests used to investigate consumer behavior were non-
parametric.
preliminary analysis was also undertaken on the variable
Perception. Although this variable appeared to be normally
distributed, the data set was generated through use of a ten-
point Likert scale. These scales rank responses on a
continuum from low to high, creating an ordinal database.
Ordinal data is inherently associated with non-parametric
statistics.
As discussed above, the data set representing the
variable Knowledge was developed by assigning a knowledge
rating to consumer responses. These ratings ranged from zero,
representing no knowledge of shellfish-related health hazards,
to ten, representing a very high knowledge of hazards.
Categorization of the data in this fashion created a continuum
very similar to the ten-point Likert scale used with the
variable Perception. For that reason, non-parametric
statistics were again utilized.
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statistical Analysis: Hypotheses
Hypothesis One was analyzed by aggregating the components
of the Behavior sub-variables and sUbjecting these data to a
Binomial test (large version) to determine statistical
significance; ie. whether a statistically significant number
of respondents were consuming shellfish in an unsafe manner.
Hypotheses Two and Three were also analyzed using the Binomial
test (large version) . Hypotheses Four, Five and six compared
the Knowledge variable against the Behavior variable using a
Spearman Rank correlation. Hypotheses Seven through Nine
compared the Perception variable against the Behavior variable
again using the Spearman Rank correlation. Hypothesis Ten
compared the Knowledge variable against the Perception
variable using the Spearman Rank correlation. Hypothesis
Eleven tested the Response variable through use of a Binomial
test.
Because of the increased potential for infection
associated with undercooked shellfish and greater risks of
morbidityjmortality for elderly and immuno-compromised
individuals, all hypotheses were tested twice, once for the
primary population and a second time for high-risk consumers
(subpopulation A). Multiple testing allowed more information
to be extracted from the data and provided greater
understanding of the cognitive and behavioral factors involved
with shellfish consumption.
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CHAPTER X
RESULTS
Introduction
To test the hypotheses of this study, the research data
obtained through the Rhode Island shellfish consumption survey
were subjected to statistical analysis. This chapter presents
the variable data and statistical methods used to test the
hypotheses. It then presents the test results.
STUDY OBJECTIVE ONE:
The principal objective of this study was to determine if
a threat to public health existed in Rhode Island due to the
consumption of molluscan shellfish. The associated research
problem was whether the hazards to Rhode Island shellfish
consumers were sufficient to warrant attention as a pUblic
health issue.
Hvpothesis One:
H-1 A statistically significant amount of selected Rhode
Island consumers eXhibited unsafe shellfish consumptive
behaviors.
To test Hypothesis One, survey respondents were asked to
list their shellfish consumptive behaviors. The data gathered
were are shown below in Table 5.
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To determine statistical significance, these behavioral
data were sUbj ected to a one-sample Binomial test. The
Binomial test is a non-parametric test which allows the
researcher to determine whether the number of observations (or
counts) between two groups vary significantly from each other
(West 1992). In this example, it was used to determine
whether a statistically significant difference existed between
the number of selected Rhode Island shellfish consumers who
consumed molluscs in an unsafe manner (raw or partially
cooked) and those who only consumed fully cooked shellfish.
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Due to the number of observations, the large version of the
Binomial test was used for the primary population and the
small version was used for Subpopulation A. The test results
are shown below in Table 6.
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Hypothesis TWO:
B-2 Selected Rhode Island consumers were aware of shellfish-
related health hazards, proper preparatory techniques
and associated government advisories.
The data used to test Hypothesis Two were obtained by
asking ten survey questions regarding shellfish-related health
hazards and government advisories. The responses to these
questions were converted into a ten-point knowledge rating
which represented the extent of consumer knowledge. The
results are shown below in Table 7.
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Once the responses to the questions were tabulated, a
knowledge rating was created for each respondent. Each
correct response added one point to the knowledge rating while
each incorrect response or omission was disregarded.
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The Knowledge Ratings were then segmented into five
groups in an attempt to provide a qualitative definition of
consumer knowledge. These groups are as follows: dangerously
low knowledge of shellfish hazards and government advisories
(rating 0-2), low knowledge (rating 3-4), moderate knowledge
(rating 5-6), high knowledge (rating 7-8), and very high
knowledge (rating 9-10). These ratings are shown below in
Table 8.
To test Hypothesis TWO, the Knowledge Ratings were further
collapsed into two categories, low/moderate knowledge (rating
0-6) and high knowledge (rating 7-10). It was assumed that
only consumers with high knowledge of shellfish hazards can
make informed decisions about their consumptive behaviors and
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thus, adequately protect themselves from potential hazards.
These two categories were then sUbjected to a Binomial test.
TO reiterate, the use of the Binomial test allowed the
researcher to determine if the number of observations in two
groups varied significantly from each other (West 1992). In
this example, the Binomial test was used to determine whether
a statistically significant difference existed between those
consumers with low/moderate knOWledge of shellfish hazards and
associated government advisories, and those with high or very
high knOWledge. The results are shown below in Table 9.
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Hypothesis Three:
B-3 A statistical majority of respondents perceived that
they were at low risk of contracting shellfish-related
disease.
The data used to test Hypothesis Three were obtained by
asking respondents to list the amount of health risk they felt
was incurred as a result of their shellfish consumptive
behaviors. This was accomplished through use of a ten-point
Likert scale with "1" indicating a perception of no risk and
"10" indicating a perception of extreme risk. Response data
are shown below in Table 10.
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To test Hypothesis Three, the Perceptual values were collapsed
into two categories, low perception of risk (value less than
4) and moderate to high perception of risk (value of 4-10).
These database groups are shown below in Table 11.
Data were then sUbjected to Binomial tests. Test results are
shown below in Table 12.
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STUDY OBJECTIVE TWO:
The second objective of this study was to investigate
potential relationships between consumptive behaviors,
consumer knowledge and perception of risk. Assessing the
relationships between cognition and behavior was vital in
predicting future consumptive patterns. Thus, an analysis of
this type is an important component of public health research.
Hypothesis Four:
H-4 When selected Rhode Island shellfish consumers were
knowledgeable about shellfish safety hazards, they ate
more raw shellfish.
According to West (1992), a statistical correlation is
used to determine the degree of relatedness between two
variables. Hypothesis Four tested whether a statistically
significant correlation existed between consumer knowledge and
raw shellfish consumption.
The non-parametric test used to investigate this likely
relationship was the Spearman Rank correlation. Spearman
Rank allows the researcher to quantify the relationship
between two variables drawn from Ordinal data sets.
As with other tests, there are two separate versions, a
large and small, depending on the size of the popUlation.
With the large version of this test, the correlation
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coefficient (RS) is used to determine a second test statistic,
the "t" value. The "t" value is then compared to the Spearman
Rank probability table to determine significance. In the
small version, the correlation coefficient (Rs) is compared
directly to the table value to determine significance.
with Hypothesis Four, the Spearman Rank large version was
used on the primary population and the small version on
Subpopulation A. The results of the tests are shown below in
Table 13.
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Hypothesis Five:
H-S When selected Rhode Island shellfish consumers were
knowledgeable about shellfish safety hazards, they ate
more lightly cooked shellfish.
Hypothesis Five tested whether a statistically
significant correlation existed between consumer knowledge and
the consumption of lightly steamed shellfish. As with
Hypothesis Four, the non-parametric test used to investigate
this potential relationship was the Spearman Rank correlation.
The results of the correlations are shown below in Table 14.
Resul.:t:: jA, statistlccUly sj"griificanf'Goriglati6n"':::
( was,found.~' .::, :Hypqthes.isFive>was, A<;:c~pted.
". ~: _. '-:'::~ .. . .'. {. ~.- , . ... .... -:.: ; ,":"-; . ::> -:-:..:.' .::. ::<:::
<-: ..-, .;':.
80
Hypothesis six:
H-6 When selected Rhode Island shellfish consumers were
knowledgeable about shellfish safety hazards, they ate
more raw and lightly cooked shellfish.
Hypothesis Six tested whether a statistically significant
relationship existed between consumer knowledge and the total
amount of shellfish consumed in an unsafe manner (both raw and
lightly steamed). Spearman Rank correlations were again used
to test the potential variable relationship. Test results
are shown below in Table 15.
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Hypothesis Seven:
H-7 The consumption of raw shellfish by selected Rhode Island
consumers was directly related to their perceptions of
risk regarding shellfish hazards.
Hypothesis Seven tested whether a significant correlation
existed between raw shellfish consumption and respondents'
perception of risk regarding their consumptive behaviors.
Once data were calculated, Spearman Rank correlation tests
were run on the variables. The results of the correlations
are shown below in Table 16.
82
Hypothesis Eight:
H-8 The consumption of lightly steamed shellfish by
selected Rhode Island consumers was directly related
to their perceptions of risk regarding shellfish
hazards.
Hypotheses Eight tested whether significant correlations
existed between the consumption of lightly steamed shellfish
and respondents' perception of risk regarding their shellfish
consumption. Spearman Rank correlation tests were run on the
variables. The results of the correlations are shown below in
Table 17.
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Hypothesis Nine:
H-9 The consumption of raw and lightly steamed shellfish by
selected Rhode Island consumers was directly related to
their perceptions of risk regarding shellfish hazards.
Hypothesis Nine tested whether significant correlations
existed between the combined consumption of raw and lightly
steamed shellfish and respondents' perception of risk
regarding their shellfish consumption. Spearman Rank
correlation tests were run on the variables. The results of
the correlations are shown below in Table 18.
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Hypothesis Ten:
H-l0 Selected Rhode Island consumers who ate shellfish in an
unsafe manner and perceive that they were at high risk of
contracting shellfish-related illness were highly
knowledgeable about shellfish-related health hazards.
Hypothesis Ten tested whether a significant correlation
existed between consumer knowledge and perception of risk in
those consumers who eat shellfish in an unsafe manner.
Spearman Rank correlation tests were run on the variables.
The results of the correlations are shown below in Table 19.
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STUDY OBJECTIVE THREE
The third obj ective of this study was to assess the
efficacy of a point-of-sale warning label to alter the
consumptive behaviors of Rhode Island shellfish consumers. It
was hypothesized that product warnings would influence
shellfish consumers to modify their consumptive behaviors.
The results are shown below.
Hypothesis Eleven:
H-ll A statistically significant amount of selected Rhode
Island consumers who had read a sample warning label
which addressed potential consumption hazards would
modify their behavior in a manner consistent with the
stated warnings.
To test Hypothesis Eleven, survey respondents were asked
to read a sample shellfish warning label and state whether
this type of warning would lead to an alteration of their
shellfish consumptive behaviors. In this example, the target
audiences were those consumers who exhibit unsafe consumptive
behaviors (ie. those who consume shellfish either raw or
lightly steamed) and high-risk consumers. Three distinct
sUbpopulations were tested; consumers at high-risk of
contracting disease (survey subpopulation A), those who eat
shellfish in an unsafe manner (survey sUbpopulation B) and
those consumers who eat raw shellfish (survey sUbpopulation
C). The gathered data are shown below in Table 20.
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To allow for statistical analysis, the data for each
sUbpopulation were collapsed into two categories, those
consumers whose behavior would be altered, and those whose
behavior would remain constant. Corresponding data were then
sUbjected to a one-sample Binomial test. In this example, the
Binomial test was used to determine whether a statistically
significant difference existed between the number of selected
Rhode Island shellfish consumers who would and would not alter
their unsafe shellfish consumption after reading a warning
label advising them of potential hazards. Results are shown
below in Table 21.
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CHAPTER XI
DISCUSSION OF THE RESULTS
l:ntroduction
This chapter discusses the research results presented in
the previous chapter. These findings helped to clarify the
threat to pUblic health in Rhode Island associated with the
consumption of molluscan shellfish. These findings have
important implications towards future shellfish safety
management efforts within the state.
Discussion
Hypothesis One: Examination of the Consumer Behavior variable
The research variable "Behavior" represented the amount
of shellfish eaten by respondents and the manner in which they
were consumed. Quantification of consumer behaviors was vital
to the determination of public health hazard. For example,
consumers who eat raw or lightly steamed molluscan shellfish
risk exposure to viral and bacterial contaminants (Noble 1990;
NAS 1991). As greater quantities of shellfish are consumed,
the potential for infection increases (Wood 1976). Consumers
at greatest risk are the elderly and those with pre-existing
health conditions (Ennis et al. 1990; NAS 1991).
It was hypothesized that a statistically significant
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amount of respondents consumed shellfish in an unsafe manner.
Survey data revealed that sixty percent (60.3%) of respondents
(primary population) consumed shellfish either raw or lightly
steamed12 • According to a Binomial test, a statistically
significant amount of respondents ate shellfish in an unsafe
manner. Thus, for the primary population, Hypothesis One was
accepted.
Assuming this behavioral data to be indicative of overall
consumer behavior patterns within the state, it is clear that
a large number of Rhode Island shellfish consumers are likely
candidates to contract shellfish-related illness. Although
most illnesses are mild or asymptomatic, unsafe consumptive
behaviors may expose consumers to more vigorous pathogens such
as Hepatitis A virus, vibrio vulnificus bacteria and Vibrio
cholerae (Blake 1983; Ballentine 1984; Johnston et ale 1985;
Morse et ale 1986; Richards 1987; Gerba 1988; Liston 1990;
Otwell 1991; Hlady et ale 1993; Ennis-Ross et ale 1994; Lee
1995; FDA 1996). Illnesses associated with these pathogens
may be lingering, debilitating and potentially life
12 It is important to note that the definition of
unsafe consumption was crucial to the analysis of the
behavior variable. If the consumption of lightly steamed
shellfish were to be viewed as safe, test results would have
been dramatically different. However, since the hazards
associated with lightly steamed shellfish are clearly
defined in the literature, those who consume shellfish in
this manner were included in the unsafe consumption
category.
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threatening, even in healthy individuals with fully-
functioning immune systems.
The most problematic behavioral trend uncovered by this
research was the extent of unsafe consumption by high-risk
consumers (the elderly and those with pre-existing health
conditions). Survey data revealed that forty-eight percent
(48.2%) of the high-risk sUbpopulation (subpopulation A)
consumed shellfish in an unsafe manner. Because this amount
was not statistically significant, Hypothesis One was rejected
for sUbpopulation A. However, the lack of statistical
significance does not mean that the associated data were
unimportant. Nearly half of the high-risk respondents
consumed shellfish in a manner which exposed them to microbial
contaminants. Because high-risk consumers are more
susceptible to food-borne illness, any amount of unsafe
consumption by these respondents should be of paramount
concern to pUblic health authorities.
Hypothesis Two: Examination of the Consumer Knowledge variable
The research variable "knowledge" represented the extent
of general information respondents had acquired regarding
shellfish-related health hazards and associated government
advisories. Quantification of this knowledge allowed an
examination of consumers' ability to protect themselves from
potential health hazards. As such, this was an important step
in determining whether shellfish hazards can be construed as
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a pUblic health threat.
It was hypothesized that selected Rhode Island consumers
were unaware of shellfish-related health hazards, preparation
techniques and associated government advisories. Binomial
tests were used to determine whether a statistically
significant amount of respondents exhibited low levels of
knowledge regarding hazards and advisories.
These binomial tests were not significant. For the both the
primary and high-risk populations, it was determined that
overall knOWledge levels were sUfficient. In fact,
approximately two thirds of respondents were gauged to have
either high or very high levels of knOWledge. Thus, for both
the primary and high-risk population, Hypothesis Two was
rejected.
Although Hypothesis Two was rejected, sUbsequent analysis
of the consumer knowledge data revealed some interesting
observations:
1. An overwhelming majority of respondents (85.2%) had
seen or read a media report on shellfish safety. These
reports familiarize consumers with safety issues and it is
assumed that respondents retain some pertinent information.
However, media reports are typically sporadic, of limited
detail and tend to focus on extreme issues such as large
outbreaks of illness and mortalities. They are a poor
substitute for comprehensive food safety information programs
that emphasize shellfish consumption hazards.
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2. Nearly all respondents (91.1%) were aware that
consuming raw shellfish is potentially hazardous. However,
many (57.8%) were unaware that consuming lightly steamed
shellfish may expose them to similar hazards. This fact
suggests that many consumers may be unknowingly placing
themselves at risk.
3. Over half of respondents (53.6%) were unsure how long
they should boil shellfish to eliminate potentially harmful
pathogens. Only forty-six percent (46.4%) were aware that
boiling shellfish for five minutes allows for safe
consumption. Observations two and three revealed that many
consumers were unaware of proper shellfish cooking methods
(temperatures and cooking duration) needed to ensure
microbiological integrity of shellfish products.
4. Nearly one-quarter of respondents (22.9%) believed
that freshly harvested shellfish were free of hazards. These
people may assume that most contaminants are introduced to the
mollusc after harvest. In fact, the overwhelming majority of
illness-causing shellfish are contaminated in the environment
(NAS 1991).
5. The majority of respondents (87.2%) were aware that
rinsing or soaking shellfish does not remove all shellfish
hazards. However, in the high-risk sUbpopulation, over twenty
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percent of respondents (20.7%) believed that cleansing
shellfish will remove potential hazards13 • Although it is
unclear whether consumers were actually relying upon these
methods to protect against health risks, it is likely that
some consumers were operating on an erroneous set of beliefs
regarding shellfish preparatory techniques.
6. One third of respondents (33.5%) believed that storing
shellfish at room temperature for three hours before
consumption did not increase potential safety hazards. In
fact, according to Cook and Ruple (1989), storing live
shellfish at unsafe temperatures allows pathogens within the
organism to multiply to unsafe levels. Moreover, storing
properly cooked shellfish at room temperature may allow
surface bacteria to mUltiply. Thus, fully one third of
respondents lacked important knowledge about sustaining the
microbiological integrity of the food they eat.
7. Over three-fourths of respondents (77.9%) were aware
that no amount of proper cooking would render shellfish
contaminated with biotoxins (red tides) safe for human
consumption. Only thirteen percent (13.4%) believed that
proper cooking would eliminate biotoxins while eight percent
13 According to West (1992), larger samples provide the
researcher with more information and tend to be more reliable
indicators of data trends. Because sUbpopulation A is a
relatively small sample (N=29) any findings resulting from
this data must be regarded with caution.
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(8.7%) were unsure of their knowledge. Because Rhode Island
has yet to experience a significant red tide bloom (Migliori
1995), it is somewhat surprising that respondents were aware
of this biotoxin characteristic. It is possible that because
of their sensational nature and unusual symptoms of
intoxication, biotoxin events may have received greater media
coverage and relevant information has been retained by more
individuals. This however is purely conjecture; the extent of
knowledge consumers have regarding red tide biotoxins remains
unclear.
8. Many respondents were unaware of governmental
advisories regarding the consumption of raw shellfish. Over
one third of respondents (35.5%) did not know that the USFDA
advises consumers with chronic illness or suppressed immune
systems to avoid eating raw shellfish. Nearly half of
respondents (49.5%) were unaware that the RIDOH also advises
these consumers to avoid raw shellfish.
More disturbing were the numbers relating to the high-
risk sUbpopulation. Over one third of high-risk respondents
(37.9%) were unaware of FDA warnings while nearly seventy
percent (69.0%) were unaware of RIDOH advisories. Since high-
risk consumers were the user group whom the advisories are
directed at and the group who could potentially derive the
most benefit from practicing safer consumptive behaviors, this
unfamiliarity with government warnings is disturbing. These
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data strongly suggest that government advisories, as currently
presented, are an insufficient means of information provision.
More effective strategies must be developed to reach high-risk
consumer groups.
Overall, consumers responded very well to knowledge
inquires. However, there were several areas in which
knowledge was lacking, particularly in the high-risk
subpopulation. Health officials should be informed that gaps
exist in consumer knowledge and that these deficiencies could
translate directly to shellfish-related illnesses in the
consuming pUblic.
Hypothesis Three: Examination of Consumer perception variable
The research variable "Perception" represented an
assessment by respondents of the potential health risks
involved with their shellfish consumptive behaviors.
According to the survey reSUlts, the majority of respondents
(although not a statistically significant majority) believed
that they were at little or no risk of contracting shellfish-
related disease. Over half of respondents (53.9%) listed a
risk perception value of three point five or less. In
comparison, only one-third (35.2%) believed they were at
moderate risk (listing a perception value of four through
six), while only ten percent (10.6%) believed they were at
high or extreme risk of contracting illness (perception values
of seven through ten).
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Data representing the high-risk subpopulation were
similar to results above. Approximately half of high-risk
respondents (51.7%) believed their shellfish consumptive
behaviors placed them at li.ttle or no risk of contracting
disease. One quarter (27.6%) believed they were at moderate
risk while twenty percent (20.7%) believed they were at high
to extreme risk.
Regarding the high-risk subpopulation, it was surprising
that consumers who were aware of associated risks continued to
consume shellfish in an unsafe manner. It is possible that
these consumers were not aware of the gravity of the situation
and believed that potential risks were mild or relatively
benign. This research has shown that these beliefs are in
error. The potential risks to immuno-compromised consumers
are severe and life-threatening (Ennis et al. 1990; NAS 1991;
Ennis-Ross et al. 1994). These consumers must be informed of
risk severity so that their future decisions on shellfish
consumption will be informed decisions.
Hypotheses Four, Five and six: The relationship between the
consume~ Knowledge and consumptive Behavi~r variables
Hypotheses Four through Six explored the potential
relationship between the consumptive behavior of respondents
and knowledge of shellfish-related health hazards and
associated government advisories. It was hypothesized that
correlations existed between levels of consumer knowledge and
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consumption of raw and/or lightly steamed shellfish.
In Hypothesis Four, no significant correlation was found
between consumer knowledge and raw shellfish consumption. In
Hypothesis Five, a statistically significant correlation was
found in the primary population between consumer knowledge and
consumption of lightly steamed shellfish (it was not evident
in the sUbpopulation). The identified relationship was a
direct correlation which showed that consumers with elevated
knowledge levels were more likely to consume greater amounts
of lightly steamed shellfish. In Hypothesis Six, no
statistically significant relationships were found between
consumer knowledge and total consumption of unsafe shellfish.
An interesting observation regarding the interplay
between behavior and knowledge was that many consumers who
were aware of consumption risks continued to eat shellfish
unsafely. For example, over forty percent (41.1%) of
respondents who were aware that raw shellfish were potentially
hazardous continued to eat them raw while fifty-three percent
(53.1%) who were aware that steaming shellfish did not
eliminate all pathogens continued to eat them lightly steamed.
Clearly, these consumers were either unaware of the extent of
risk associated with unsafe behavior or were willing to accept
these risks.
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Hypotheses Seven through Nine: Examination of the relationship
between the Perception and Behavior variables.
Hypotheses Seven through Nine explored the potential
relationship between the consumptive behavior of respondents
and their perception of risk regarding these behaviors. It
was hypothesized that correlations existed between the
consumption of raw and/or lightly steamed shellfish and the
perception of risk regarding potential shellfish-related
illness.
In Hypothesis Seven, no significant correlations were
found between consumption of raw shellfish and perceptions of
risk. In Hypothesis Eight, no significant correlations were
found between consumption of lightly steamed shellfish and
perceptions of risk. In Hypothesis Nine, no significant
correlations were found between total consumption of shellfish
in an unsafe manner and perceptions of risk.
The absence of correlations between unsafe shellfish
consumption and perceptions of risk, although unexpected,
allowed for significant interpretation. In particular, this
absence implied that many respondents who consumed raw or
undercooked shellfish either did not perceive that they were
at risk or perceived that associated risks were not
significant health threats. For consumers who ate shellfish
in an unsafe manner, this erroneous assessment of risk was
problematic. However, for the high-risk consumer, limited
understanding and perception of the risks involved with unsafe
consumptive behaviors may directly lead to illness and
possible mortality.
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Hypothesis Ten: The relationship between Consumer Knowledge
and Risk perception variables
Hypothesis Ten explored the potential relationship
between the consumer knowledge variable and the risk
perception variable. It was hypothesized that a correlation
existed between levels of consumer knowledge and consumer
perception of risk in those consumers who exhibited unsafe
consumptive behaviors.
In the primary population, a statistically significant
correlation was found between knowledge and perception. This
relationship was not evident in the high-risk subpopulation.
The identified correlation was representative of a direct
relationship; the greater the knowledge levels, the higher the
perception of risk. Conversely, lower knowledge levels were
associated with diminished perceptions of risk. It is unclear
whether this relationship was affected by the amount of
shellfish consumed.
If this relationship was indicative of the cognitive
processes which influence consumer decision-making and risk-
taking, then it was clear that greater knowledge of shellfish-
related health hazards will increase consumer perception of
risk. Increases in risk perception may influence people to
avoid risky behaviors. Thus, attempting to increase consumer
awareness of shellfish-related health hazards and the
perception of risk regarding these hazards may be one strategy
to minimize or control unsafe consumptive behaviors.
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Hypothesis Eleven: Examination of the Warning Response
variable
The research variable "Warning Response" represented the
influence that a warning label program could have upon the
consumptive behaviors of respondents. An examination of this
variable was vital in determining whether such warnings could
effectively mitigate potential shellfish-related health risks.
It was hypothesized that consumers who read a sample
warning label would modify their behaviors in a manner
consistent with the stated warnings. For high-risk consumers
(subpopulation A) and members of the primary population who
eat shellfish in an unsafe manner (subpopulation B), this
hypothesis was accepted. Conversely, for those consumers who
specifically eat raw shellfish (subpopulation C), this
hypothesis was rejected.
Although the majority of consumers would modify their
behaviors, over one-third of respondents in subpopulations B
and C would not heed the product warnings. Thus, regardless
of stated warnings, many people (particularly raw shellfish
consumers) were willing to accept the risks associated with
their behaviors. In contrast, over eighty-five percent of
high-risk consumers would modify their consumptive behaviors.
With these consumers, product warnings could be highly
effective.
Another observation regards consumer perceptions and
shellfish marketing. Although the shellfish industry has
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strived to make consumption safe, they have historically
opposed warning labels for fear of negative perceptions and
declining sales (Moore 1996). However, data developed by the
survey instrument suggests that these fears may be premature.
Over one-third of respondents who ate shellfish in an unsafe
manner stated that product warnings would not influence them
to modify their consumptive behaviors. Moreover, only three
to five percent of respondents stated that viewing the sample
warning would cause them to stop consuming shellfish
altogether.
The purpose of shellfish warning labels is not to
discourage the consumption of shellfish but rather to
encourage consumers to eat shellfish in a safe manner.
Consumers who eat properly cooked shellfish greatly reduce
their risk of contracting food-borne illness. A reduction in
shellfish-related disease benefits both consumers and the
shellfish industry. Thus, if product warnings were combined
with overall safety assurances for proper consumption in a
joint program, shellfish consumption may be stimulated rather
than discouraged.
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CHAPTER XII
CONCLUSIONS
The consumption of molluscan shellfish is known to cause
illness in humans. These illnesses are often the result of
environmental contaminants, both natural and anthropogenic,
which enter molluscs during filter-feeding. Although most
shellfish-related illnesses are minor, serious and potentially
fatal diseases do occur. These illnesses are transmitted most
often when shellfish are consumed either raw or lightly
steamed. Consumers at greatest risk are the elderly and those
sUffering from immune disfunction.
Consumer protection programs which address shellfish
consumption hazards have greatly reduced the occurrence of
food-borne illness. However, these programs cannot guarantee
that shellfish consumed by the pUblic are free of
contaminants. Problems include ineffective indicator tests
for shellfish contamination and understaffed enforcement
programs. One method of consumer protection which deserves
further examination is the use of shellfish warning labels to
inform consumers of potential hazards.
Implications for Public Health Authorities
In the past decade (1986-1996), the state of Rhode Island
has had no reported incidents of shellfish-related illness and
no Rhode Island molluscs have been implicated as causing
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disease in other states (KoVaC 1995). Although current
management efforts have been somewhat successful, the absence
of reported disease does not indicate that hazards have been
eliminated. Because molluscs are filter-feeding animals
harvested from a wild population, there will always be some
health hazards associated with their consumption. In Rhode
Island, these hazards are exacerbated by numerous
environmental contamination problems and limited budgets for
shellfish enforcement. As a result of these factors, it is
certain and inevitable that some contaminated shellfish will
reach Rhode Island shellfish consumers.
Most shellfish hazards may be eliminated by proper
cooking. However, the maj ority of shellfish consumers sampled
and nearly half of the high-risk respondents ate raw or
undercooked molluscs. If these data are indicative of
statewide shellfish consumption patterns they suggest that
Rhode Island shellfish consumers habitually risk exposure to
hazardous contaminants. This exposure could directly
translate to incidents or outbreaks of shellfish-related
disease.
Health professionals readily admit that current shellfish
safety and management programs have not eliminated health
hazards to the consuming pUblic (NAS 1991). If current
government regulatory efforts are unable to eliminate these
hazards, regulators should evaluate potential risks and set
acceptable risk standards. If current risk levels are
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determined to be unacceptable, officials must increase
regulatory efforts. Even if risks are within acceptable
limits, health officials should inform consumers (particularly
high-risk consumers) of potential hazards and safe consumptive
behaviors.
Current health advisory programs are an inefficient
method of reaching at-risk shellfish consumers. Over thirty-
seven percent of at-risk respondents were unaware that of FDA
warnings for susceptible consumers. Approximately sixty-nine
percent were unaware of RIDOH warnings. Al though some
restaurant consumers may see the warnings mandated by the 1993
Food Code, others will continue their current behaviors
unaware of government advisories.
In view of the data presented, it is clear that action
must be taken to protect Rhode Island shellfish consumers.
New policies must be investigated and implemented. Several
potential policy options are outlined below:
Policy Options
There are many ways in which government regulators can
reduce potential shellfish consumption risks. Policy options
include prohibiting the sale of shellfish, increasing
monitoring of harvest waters, increasing the enforcement
presence, raising the standards for certification of harvest
waters, mandating the use of depuration facilities or
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providing
information.
consumers with greater amounts of hazard
Four distinct policies are briefly outlined
below:
. Increase the enforcement of shellfish regulations.
More effective enforcement may reduce bootlegging,
decreasing the amount of contaminated shellfish in the
marketplace. This option would require hiring more
enforcement officers and increasing marine patrols.
Unfortunately, this would require an increase in funding
levels, a difficult task in the current era of tightened
state bUdgets .
. Raise the standards for certification of harvest waters.
This option could include increasing the waiting period
for opening conditional harvest areas after a
precipitation event and decreasing the level of
acceptable contaminants in harvest waters. Although this
could provide greater levels of safety for consumers it
may place an undue burden upon shellfishermen who already
contend with shrinking harvest areas. It may also
increase the incentive to harvest illegally .
. Seasonally prohibit the harvest and sale of shellfish.
During the summer months bacterial counts are highest and
there is maximum usage of marine waterways. This may
lead to a greater chance for harvest area contamination.
In addition, shellfish are at peak demand in the summer
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and there is a greater incentive to harvest in closed
areas. By restricting the sale of Rhode Island shellfish
during this period, consumers will be protected from
potential health problems. Unfortunately, this
prohibition would place an unfair burden on the industry
and could increase the price of molluscs to consumers.
. Develop and implement a comprehensive shellfish hazard
education program to inform consumers of potential
hazards and advise high-risk consumers of proper
consumptive behaviors. When compared to direct
regUlation, information provision methods are less costly
to implement and maintain (Hadden 1991). In addition,
this method gives consumers the freedom to choose their
own consumptive behaviors while fulfilling governmental
responsibilities to inform consumers of potential
hazards.
In the Rhode Island example, the largest potential threat
to pUblic health was related to the consumptive behaviors of
shellfish consumers. consumption risks would be greatly
reduced if consumers were persuaded to eat shellfish in a
safer manner. Thus, it is recommended that the Rhode Island
Department of Health institute a pilot education program to
inform consumers about the benefits and potential hazards of
shellfish consumption. This program would focus on four key
areas:
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1. High-risk consumers.
The proposed program would identify high-risk consumers
and alert them to their increased susceptibility to
foodborne illness.
2. Safer shellfish consumption.
The program would inform consumers that shellfish must be
properly cooked to eliminate microbial pathogens. This
would include recommended storage and cooking standards.
3. Potential hazards.
The program would provide detailed descriptions of likely
shellfish hazards including methods of transmission and
symptoms. It would stress the importance of reporting
potential shellfish-related illnesses to medical
authorities.
4. Benefits of shellfish consumption.
The program would endorse the consumption of properly
cooked shellfish as a nutritious and wholesome food. It
would also include recipes for shellfish products.
Several information provision methods could be utilized
by this pilot program. Physicians could be asked to inform
high-risk patients of potential food-borne hazards. Pamphlets
could be distributed at retail stores and public buildings.
Warning or information labels could be placed on shellfish and
shellfish products. The existing Food Code labels could be
used in restaurants as a reminder to susceptible consumers.
If product warnings were combined with safety assurances
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and information on proper preparatory techniques, shellfish
consumption may be stimulated rather than discouraged. Most
importantly, a program of this type may influence consumers,
particularly high-risk consumers, to limit their unsafe
consumptive behaviors.
Conclusion
The protection of consumers from shellfish-related health
hazards is a complicated public policy exercise. Government
regulators must balance pUblic health objectives with
environmental management criteria and economic goals. Because
shellfish are harvested from a wild population which dwell in
ever-changing environmental conditions, there can never be
absolute guarantees that these animals are free of
contaminants. Therefore, it is essential that consumers be
made aware of potential consumption hazards and proper
preparation methods so that they may make educated risk
management decisions.
Current educational efforts could be strengthened at the
state level. states with historically high levels of
shellfish consumption could provide the pUblic with
supplemental health and safety information. This information
could include proper storage temperatures, handling procedures
and cooking temperatures.
According to the NAS (1991), intervention at the state
level would be most effective in controlling shellfish-related
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illness. This is due, in part, to the localized aspect of
many shellfish-related health hazards. In addition, states
are much better suited to identify and target in-state at-risk
populations.
The state of Rhode Island has an obligation to protect
the health and safety of its residents. Current health
advisories have not reached many high-risk consumers. These
consumers may be unaware of shellfish consumption hazards or
that their health conditions place them at elevated risk of
contracting food-borne illness. To fulfill public
obligations, it was recommended that the state of Rhode Island
institute a pilot education program to inform consumers of
shellfish consumption hazards. A program of this type may
reduce unsafe consumptive behaviors and related illnesses.
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APPENDIX A
SAMPLE SURVEY AND EXAMINATION OF SURVEY QUESTIONS
1. Town and state of residence
2. Please circle your age:
18-29 30-39 40-49 50-59 60-69 70-79+
3. On a scale of one to ten, please estimate how often you
eat shellfish (clams, mussels, oysters, scallops):
Once/ Bi-
Year => monthly
once/
=> Month =>
Once/
Week
Every
=> Day
1 2 3 4 5 6 7 8 9 10
4. Please circle how many shellfish you will eat in an
average serving:
1-2 3-4 5-6 7-8 9-10 11-12 13-14 15-16 17-18 19-20+
5. What percentage of the shellfish you eat are prepared by
the following cooking methods (these should add up to
100%) :
Eaten
Raw
0% 10% 20% 30% 40% 50% 60% 70% 80% 90-100%
Lightly 0% 10% 20% 30%
Steamed
Heavily
Steamed/ 0% 10% 20% 30%
Boiled
Baked/ 0% 10% 20% 30%
Fried
40%
40%
40%
50%
50%
50%
60%
60%
60%
70% 80% 90-100%
70% 80% 90-100%
70% 80% 90-100%
6. On a scale of 1 to 10, please estimate what chance you have
of becoming sick from eating shellfish?
No Risk Slim RiSk => Mild Risk => Strong Risk Extreme RiSk
1 2 3 4 5
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6 7 8 9 10
Please answer the following questions to the best of your
aJ)i1ity:
7. Have you ever read a newspaper article, or seen
a television news report on shellfish safety? Yes No
8. Are you aware of any safety hazards associated
with eating raw shellfish? Yes No
9. Will rinsing/soaking shellfish before cooking
or eating remove all shellfish hazards? Yes No
10. will storing shellfish at room temperature
for three hours prior to eating increase
safety hazards?
11. Are there any safety hazards associated
with freshly harvested shellfish?
12. If shellfish are boiled for five or more
minutes during cooking, will this destroy
all potentially harmful pathogens?
13. will steaming shellfish until the shell opens
destroy all viruses or bacteria inside?
14. If shellfish are contaminated by red tide bio-
toxins, will cooking make them safe to eat?
15. Are you aware that the u.s. Food and Drug
Administration has advised some people not
to eat raw shellfish?
16. Are you aware that the Rhode Island Department
of Health has advised some people not to eat
raw shellfish?
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
17. As is presently the case in Louisiana and Florida,
if you were buying shellfish in a store or
restaurant and saw a label which stated,
"Warning: eating raw and undercooked shellfish can cause
stomach distress and other, more serious diseases,
particularly to consumers with chronic illness."
would you: a) continue to eat as I normally-do
b) reduce the times you eat raw molluscs _
c) reduce eating lightly cooked molluscs
---
d) stop eating raw shellfish
e) stop eating lightly cooked shellfish
f) stop eating shellfish altogether
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18. Has eating shellfish ever made you ill?
19. How many times has this occurred?
20. Has the illness ever required medical treatment?
Yes No
Yes No
21. Do you suffer from any chronic illness (diabetes,
kidney disease, steroid dependent asthma, liver
disease, HIV, etc.) or are you currently under-
going treatment which suppresses your immune system?
Yes No
survey Ouestion summary and Explanations:
(Q-1) . Question 1 was open-ended and asked respondents to
state their town and state of residence. It was used
primarily to identify respondents as Rhode Island residents.
(Q-2) Question 2 asked respondents to state their age. This
was done for two reasons: 1) it allowed the data and results
to be graded chronologically, and 2) it allowed the researcher
to identify any elderly respondents (70+ years of age).
Because advanced age leads to a natural weakening of the
immune system, elderly individuals more susceptible to food-
borne illness, placing them at high risk of contracting
shellfish-related disease (Ennis et ale 1990).
(Q-3) Question 3 was a scaled inquiry in which respondents
listed how often they eat shellfish. Responses were combined
with the responses to questions 4 and 5 to create the variable
"behavior".
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(0-4) Question 4 was a close-ended inquiry in which
respondents estimated how many shellfish they eat in an
average serving. Responses were combined with the responses
to questions 3 and 5 to create the variable "behavior".
(0-5) Question 5 was a series of four scales in which
respondents estimated what percentage of the shellfish they
consume are eaten raw, lightly steamed, boiled, baked or
fried. Responses were combined with the responses to
questions 3 and 4 to create the variable "behavior".
(0-6) Question 6 was a scaled question in which respondents
were to list what chance they have of becoming sick from
eating shellfish. On this scale, a response of 1 represented
no risk of illness and 10 represented an extreme risk.
Responses represented the variable "perception".
(0-7) Question 7 asked respondents if they had ever seen or
read a media report on shellfish safety. One of this study's
assumptions is that these respondents had retained some of the
knowledge imparted in these reports. Thus, a response of
"yes" added one point to the respondent's knowledge rating.
(0-8) Question 8 asked respondents if they were aware of any
safety hazards associated with eating raw shellfish. Because
there are many illnesses associated with raw shellfish
consumption, a response of "yes" added one point to the
respondent's knowledge rating.
(0-9) Question 9 asked respondents if rinsing or soaking
shellfish before cooking or eating would remove all shellfish
hazards. Although shellfish have the ability to cleanse
themselves when placed in contaminant-free waters, rinsing or
soaking shellfish before consumption will not remove any
associated hazards. Thus, a response of "no" added one point
to the respondent's knowledge rating.
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(Q-10) Question 10 asked respondents if storing shellfish at
room temperature for three hours prior to consumption would
increase shellfish hazards. According to the NAS (1991),
storing live shellfish at unsafe temperatures allows any
pathogens within the organism to multiply. Similarly, storing
cooked shellfish at room temperature may allow surface
bacteria to multiply to unsafe levels. ThUS, a response of
"yes" added one point to the respondent's knowledge rating.
(Q-11) Question 11 asked respondents whether there were any
safety hazards associated with freshly harvested shellfish.
Although unsafe storage, preparation or handling may increase
associated hazards, the majority of shellfish contaminants
originate in the environment. Thus, a response of "yes" added
one point to the respondent's knowledge rating.
(Q-12) Question 12 asked respondents whether boiling
shellfish for five or more minutes would destroy all
potentially harmful pathogens. According to the USFDA,
boiling shellfish for three to five minutes after the shells
have opened will raise the internal temperature to 100 degrees
Celsius, destroying any viruses or bacteria inside (Long
1994) . Thus, a response of "yes" added one point to the
respondent's knowledge rating.
(Q-13) Question 13 asked respondents whether steaming
shellfish until the shell opens destroys all bacteria or
viruses within. Although shellfish typically open after one
to two minutes of steaming, it takes four to six minutes of
steaming to raise the internal temperature of shellfish to 100
degrees Celsius and kill all harmful pathogens (Anon. 1986).
Thus, a response of "no" added one point to respondent IS
knowledge rating.
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(0-14) Question 14 asked respondents whether cooking
shellfish contaminated by red tide biotoxins will make them
safe to eat. Because biotoxins are heat stable, no amount of
cooking will render contaminated shellfish safe for human
consumption. Thus, a response of "no" added one point to the
respondent's knowledge rating.
(0-15) Question 15 asked respondents whether they were aware
that the USFDA has advised people not to eat raw shellfish.
It was assumed that respondents who had heard advisories about
shellfish retained some information on shellfish-associated
hazards. A response of "yes" added one point to the
respondent's knOWledge rating.
(0-16) Question 16 asked respondents whether they were aware
that the RIDOH had advised people not to eat raw shellfish.
A response of "yes" added one point to the respondent's
knowledge rating.
(0-17) Question 17 was an close-ended inquiry which evaluated
consumer response to shellfish warning labels. Consumers were
asked to read a sample warning label and list whether the use
of such a label would alter their shellfish consumptive
behaviors.
(0-18) Question 18 was a close-ended inquiry which asked
whether eating shellfish had ever made the respondent ill.
This question was included to assess the proliferation of
shellfish-related illness in Rhode Island consumers and to
determine if prior illnesses were related to shellfish
consumption or perception of risk. This question was directly
related to questions 19 and 20.
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(Q-19) Question 19 was an open ended question which asked how
many times the respondent had become ill from eating
shellfish.
(Q-20) Question 20 was a close ended question which asked
whether the illness or illnesses had ever been so severe that
they required medical treatment.
(Q-21) Question 21 asked whether the respondent suffered from
any chronic illness which predisposed them to
contracting/acquiring food-borne illness. Because consumers
with chronic illness who eat shellfish raw or lightly cooked
are at high risk of contracting shellfish-related disease,
this question related directly to evaluating the at-risk
population.
117
APPENDIX B
AN EXTENDED DISCUSSION OF MAJOR SHELLFISH CONTAMINANTS
Viruses
According to Liston (1990), the majority of shellfish-
associated diseases in the united states are caused by viral
pathogens. Gerba (1988) stated that since 1970, shellfish-
associated outbreaks of viral disease in the u.s. have
increased. Enteric viruses have been implicated as the causal
agents of these outbreaks (Gerba 1988).
Enteric viruses are animal viruses which are excreted in
the feces of infected individuals (Gerba 1988; Cliver 1994).
Most of these viruses are associated with domestic sewage and
are introduced into seawater through combined sewage
overflows, failing septic systems, ocean disposal of sewage
sludge or discharges from marine traffic (Goyal 1984; Gerba
1988). This disease vector is known as primal contamination
(Cliver 1994). Post-harvest viral transmission (secondary
contamination) may also occur if shellfish or shellfish meats
are handled improperly by infected or exposed individuals
(Cliver 1994).
Although there are over one-hundred known enteric viruses
which can live in the marine environment (Gerba 1988; Huss
1991) , "few have been shown epidemiologically to be
transmitted by shellfish" (Huss 1991). These include
Hepatitis A, non-A/non-B Hepatitis, Norwalk virus, Snow
Mountain virus and small round viruses (Huss 1991; NAS 1991).
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Of these, Norwalk virus and Hepatitis A are the most frequent
cause of human illness (NAS 1991).
1. Norwalk Virus
Norwalk viruses are single strand RNA viruses of the
calcivirus family (Noble 1990). Transmission of the Norwalk
virus was first linked to shellfish in 1978 when over two
thousand Australians became ill after consuming raw oysters
(Noble 1990). Between 1980 and 1982, over one thousand cases
of Norwalk-related illness were documented in New York state
(Morse et ale 1986; Gerba 1988; Noble 1990). In the New York
example, "eighty percent of the cases were associated with
eating raw clams and twenty percent with eating raw oysters"
(Noble 1990). From 1982 to 1991, Norwalk virus was suspected,
but not confirmed serologically, in another 4,500 cases of
shellfish-associated illness in the United states (NAS 1991).
A typical Norwalk infection lasts between twelve and
sixty hours (Anon. 1986). Symptoms include low grade fevers,
chills, vomiting, diarrhea and other forms of gastrointestinal
distress (Anon. 1986; Noble 1990). Although normally a mild,
self-limiting condition, Norwalk infection may cause more
serious problems in individuals who are immuno-compromised,
have underlying liver disease, or suffer from chronic illness
(Anon. 1986).
Recently, Norwalk or Norwalk-like viruses have been
implicated in two separate multi-state outbreaks of shellfish-
associated disease. In November, 1993, Norwalk was implicated
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in 84 cases of acute gastroenteritis resulting from
consumption of oysters harvested in the Cabbage Reef area off
Louisiana (Kohn et ale 1995). In January, 1995, over 34 cases
of gastroenteritis were linked to consumption of oysters
harvested in Apalachicola Bay, Florida (CDC/MMWR 1995). In
both instances, the shellfish implicated were harvested from
waters which met federal safety standards (as delineated in
the National Shellfish Sanitation Program - NSSP).
2. Hepatitis A
Hepatitis A virus (HAV) is a member of the family
Picornaviridae, which also includes the Polio virus (NAS
1991). Although there are over 200 known picornoviruses, only
HAV "has been documented as a cause of seafood-associated
illness" (NAS 1991). Because Hepatitis A is spread via the
fecal-oral route, shellfish-associated cases typically occur
when growing waters are contaminated by fecal pollution (NAS
1991) .
Between 1961 and 1987, the Hepatitis A virus was linked
to approximately 1,400 cases of shellfish-associated illness
in the United States (Richards 1987). However, the majority
of these cases occurred before 1978. From 1978 to 1987 the
Centers for Disease Control's (CDC) surveillance system
reported merely 125 cases of shellfish-associated HAV; 92 of
which were due to contamination from food handlers (NAS 1991).
During that time the FDA's Northeast Technical Surveillance
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and information on proper preparatory techniques, shellfish
consumption may be stimulated rather than discouraged. Most
importantly, a program of this type may influence consumers,
particularly high-risk consumers, to limit their unsafe
consumptive behaviors.
Conclusion
The protection of consumers from shellfish-related health
hazards is a complicated public policy exercise. Government
regulators must balance pUblic health objectives with
environmental management criteria and economic goals. Because
shellfish are harvested from a wild population which dwell in
ever-changing environmental conditions, there can never be
absolute guarantees that these animals are free of
contaminants~ Therefore, it is essential that consumers be
made aware of potential consumption hazards and proper
preparation methods so that they may make educated risk
management decisions.
Current educational efforts could be strengthened at the
state level. states with historically high levels of
shellfish consumption could provide the pUblic with
supplemental health and safety information. This information
could include proper storage temperatures, handling procedures
and cooking temperatures.
According to the NAS (1991), intervention at the state
level would be most effective in controlling shellfish-related
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illness. This is due, in part, to the localized aspect of
many shellfish-related health hazards. In addition, states
are much better suited to identify and target in-state at-risk
populations.
The state of Rhode Island has an obligation to protect
the health and safety of its residents. Current health
advisories have not reached many high-risk consumers. These
consumers may be unaware of shellfish consumption hazards or
that their health conditions place them at elevated risk of
contracting food-borne illness. To fulfill pUblic
obligations, it was recommended that the state of Rhode Island
institute a pilot education program to inform consumers of
shellfish consumption hazards. A program of this type may
reduce unsafe consumptive behaviors and related illnesses.
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APPENDIX A
SAMPLE SURVEY AND EXAMINATION OF SURVEY QUESTIONS
1. Town and state of residence
2. Please circle your age:
18-29 30-39 40-49 50-59 60-69 70-79+
3. On a scale of one to ten, please estimate how often you
eat shellfish (clams, mussels, oysters, scallops):
Once/ Bi-
Year => monthly
Once/
=> Month =>
Once/
Week
Every
=> Day
1 2 3 4 5 6 7 8 9 10
4. Please circle how many shellfish you will eat in an
average serving:
1~2 3-4 5-6 7-8 9-10 11-12 13-14 15-16 17-18 19-20+
5. What percentage of the shellfish you eat are prepared by
the following cooking methods (these should add up to
100%) :
Eaten
Raw
0% 10% 20% 30% 40% 50% 60% 70% 80% 90-100%
Lightly 0% 10% 20% 30%
Steamed
Heavily
Steamed/ 0% 10% 20% 30%
Boiled
Baked/ 0% 10% 20% 30%
Fried
40%
40%
40%
50%
50%
50%
60%
60%
60%
70% 80% 90-100%
70% 80% 90-100%
70% 80% 90-100%
6. On a scale of 1 to 10, please estimate what chance you have
of becoming sick from eating shellfish?
No Risk Slim Risk => Mild Risk => Strong Risk Extreme Risk
1 2 3 4 5
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6 7 8 9 10
Yes No
Please answer the following questions to the best of your
ability:
7. Have you ever read a newspaper article, or seen
a television news report on shellfish safety? Yes No
8. Are you aware of any safety hazards associated
with eating raw shellfish? Yes No
9. will rinsing/soaking shellfish before cooking
or eating remove all shellfish hazards? Yes No
10. will storing shellfish at room temperature
for three hours prior to eating increase
safety hazards?
11. Are there any safety hazards associated
with freshly harvested shellfish?
12. If shellfish are boiled for five or more
minutes during cooking, will this destroy
all potentially harmful pathogens?
13. will steaming shellfish until the shell opens
destroy all viruses or bacteria inside?
14. If shellfish are contaminated by red tide bio-
toxins, will cooking make them safe to eat?
15. Are you aware that the u.s. Food and Drug
Administration has advised some people not
to eat raw shellfish?
16. Are you aware that the Rhode Island Department
of Health has advised some people not to eat
raw shellfish?
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
17. As is presently the case in Louisiana and Florida,
if you were buying shellfish in a store or
restaurant and saw a label which stated,
"Warning: eating raw and undercooked shellfish can cause
stomach distress and other, more serious diseases,
particularly to consumers with chronic illness."
would you: a) continue to eat as I normally do
b) reduce the times you eat raw molluscs _
c) reduce eating lightly cooked molluscs _
d) stop eating raw shellfish
e) stop eating lightly cooked shellfish
f) stop eating shellfish altogether
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18. Has eating shellfish ever made you ill?
19. How many times has this occurred?
20. Has the illness ever required medical treatment?
Yes No
Yes No
21. Do you suffer from any chronic illness (diabetes,
kidney disease, steroid dependent asthma, liver
disease, HIV, etc.) or are you currently under-
going treatment which suppresses your immune system?
Yes No
survey Question Summary and Explanations:
(Q-l) .Question 1 was open-ended and asked respondents to
state their town and state of residence. It was used
primarily to identify respondents as Rhode Island residents.
(Q-2) Question 2 asked respondents to state their age. This
was done for two reasons: 1) it allowed the data and results
to be graded chronologically, and 2) it allowed the researcher
to identify any elderly respondents (70+ years of age).
Because advanced age leads to a natural weakening of the
immune system, elderly individuals more susceptible to food-
borne illness, placing them at high risk of contracting
shellfish-related disease (Ennis et ale 1990).
(Q-3) Question 3 was a scaled inquiry in which respondents
listed how often they eat shellfish. Responses were combined
with the responses to questions 4 and 5 to create the variable
"behavior".
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(Q-4) Question 4 was a close-ended inquiry in which
respondents estimated how many shellfish they eat in an
average serving. Responses were combined with the responses
to questions 3 and 5 to create the variable "behavior".
(Q-5) Question 5 was a series of four scales in which
respondents estimated what percentage of the shellfish they
consume are eaten raw, lightly steamed, boiled, baked or
fried. Responses were combined with the responses to
questions 3 and 4 to create the variable "behavior".
(Q-6) Question 6 was a scaled question in which respondents
were to list what chance they have of becoming sick from
eating shellfish. On this scale, a response of 1 represented
no risk of illness and 10 represented an extreme risk.
Responses represented the variable "perception".
(Q-7) Question 7 asked respondents if they had ever seen or
read a media report on shellfish safety. One of this study's
assumptions is that these respondents had retained some of the
knowledge imparted in these reports. Thus, a response of
"yes" added one point to the respondent's knowledge rating.
(Q-8) Question 8 asked respondents if they were aware of any
safety hazards associated with eating raw shellfish. Because
there are many illnesses associated with raw shellfish
consumption, a response of "yes" added one point to the
respondent's knowledge rating.
(Q-9) Question 9 asked respondents if rinsing or soaking
shellfish before cooking or eating would remove all shellfish
hazards. Although shellfish have the ability to cleanse
themselves when placed in contaminant-free waters, rinsing or
soaking shellfish before consumption will not remove any
associated hazards. Thus, a response of "no" added one point
to the respondent's knowledge rating.
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(0-10) Question 10 asked respondents if storing shellfish at
room temperature for three hours prior to consumption would
increase shellfish hazards. According to the NAS (1991),
storing live shellfish at unsafe temperatures allows any
pathogens within the organism to multiply. Similarly, storing
cooked shellfish at room temperature may allow surface
bacteria to multiply to unsafe levels. Thus, a response of
"yes" added one point to the respondent's knowledge rating.
(0-11) Question 11 asked respondents whether there were any
safety hazards associated with freshly harvested shellfish.
Although unsafe storage, preparation or handling may increase
associated hazards, the majority of shellfish contaminants
originate in the environment. Thus, a response of "yes" added
one point to the respondent's knowledge rating.
(0-12) Question 12 asked respondents whether boiling
shellfish for five or more minutes would destroy all
potentially harmful pathogens. According to the USFDA,
boiling shellfish for three to five minutes after the shells
have opened will raise the internal temperature to 100 degrees
celsius, destroying any viruses or bacteria inside (Long
1994) . Thus, a response of "yes" added one point to the
respondent's knowledge rating.
(0-13) Question 13 asked respondents whether steaming
shellfish until the shell opens destroys all bacteria or
viruses within. Although shellfish typically open after one
to two minutes of steaming, it takes four to six minutes of
steaming to raise the internal temperature of shellfish to 100
degrees Celsius and kill all harmful pathogens (Anon. 1986).
ThUS, a response of "no" added one point to respondent's
knowledge rating.
115
(Q-14) Question 14 asked respondents whether cooking
shellfish contaminated by red tide biotoxins will make them
safe to eat. Because biotoxins are heat stable, no amount of
cooking will render contaminated shellfish safe for human
consumption. Thus, a response of "no" added one point to the
respondent's knowledge rating.
(Q-15) Question 15 asked respondents whether they were aware
that the USFDA has advised people not to eat raw shellfish.
It was assumed that respondents who had heard advisories about
shellfish retained some information on shellfish-associated
hazards. A response of "yes" added one point to the
respondent's knowledge rating.
(Q-16) Question 16 asked respondents whether they were aware
that the RIDOH had advised people not to eat raw shellfish.
A response of "yes" added one point to the respondent's
knowledge rating.
(Q-17) Question 17 was an close-ended inquiry which evaluated
consumer response to shellfish warning labels. Consumers were
asked to read a sample warning label and list whether the use
of such a label would alter their shellfish consumptive
behaviors.
(Q-18) Question 18 was a close-ended inquiry which asked
whether eating shellfish had ever made the respondent ill.
This question was included to assess the proliferation of
shellfish-related illness in Rhode Island consumers and to
determine if prior illnesses were related to shellfish
consumption or perception of risk. This question was directly
related to questions 19 and 20.
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(Q-19) Question 19 was an open ended question which asked how
many times the respondent had become ill from eating
shellfish.
(Q-20) Question 20 was a close ended question which asked
whether the illness or illnesses had ever been so severe that
they required medical treatment.
(Q-21) Question 21 asked whether the respondent suffered from
any chronic illness which predisposed them to
contracting/acquiring food-borne illness. Because consumers
with chronic illness who eat shellfish raw or lightly cooked
are at high risk of contracting shellfish-related disease,
this question related directly to evaluating the at-risk
population.
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Of these, Norwalk virus and Hepatitis A are the most frequent
cause of human illness (NAS 1991).
1. Norwalk Virus
Norwalk viruses are single strand RNA viruses of the
calcivirus family (Noble 1990). Transmission of the Norwalk
virus was first linked to shellfish in 1978 when over two
thousand Australians became ill after consuming raw oysters
(Noble 1990). Between 1980 and 1982, over one thousand cases
of Norwalk-related illness were documented in New York state
(Morse et al. 1986; Gerba 1988; Noble 1990). In the New York
example, "eighty percent of the cases were associated with
eating raw clams and twenty percent with eating raw oysters"
(Noble 1990). From 1982 to 1991, Norwalk virus was suspected,
but not confirmed serologically, in another 4,500 cases of
shellfish-associated illness in the united States (NAS 1991).
A typical Norwalk infection lasts between twelve and
sixty hours (Anon. 1986). Symptoms include low grade fevers,
chills , vomiting, diarrhea and other forms of gastrointestinal
distress (Anon. 1986; Noble 1990). Although normally a mild,
self-limiting condition, Norwalk infection may cause more
serious problems in individuals who are immuno-compromised,
have underlying liver disease, or suffer from chronic illness
(Anon. 1986).
Recently, Norwalk or Norwalk-like viruses have been
implicated in two separate multi-state outbreaks of shellfish-
associated disease. In November, 1993, Norwalk was implicated
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Viruses
According to Liston (1990), the majority of shellfish-
associated diseases in the united states are caused by viral
pathogens. Gerba (1988) stated that since 1970, shellfish-
associated outbreaks of viral disease in the u.s. have
increased. Enteric viruses have been impl icated as the causal
agents of these outbreaks (Gerba 1988).
Enteric viruses are animal viruses which are excreted in
the feces of infected individuals (Gerba 1988: Cliver 1994).
Most of these viruses are associated with domestic sewage and
are introduced into seawater through combined sewage
overflows, failing septic systems, ocean disposal of sewage
sludge or discharges from marine traffic (Goyal 1984: Gerba
1988). This disease vector is known as primal contamination
(Cliver 1994). Post-harvest viral transmission (secondary
contamination) may also occur if shellfish or shellfish meats
are handled improperly by infected or exposed individuals
(Cliver 1994).
Although there are over one-hundred known enteric viruses
which can live in the marine environment (Gerba 1988: Huss
1991) , "few have been shown epidemiologically to be
transmitted by shellfish" (Huss 1991). These include
Hepatitis A, non-A/non-B Hepatitis, Norwalk virus, Snow
Mountain virus and small round viruses (Huss 1991: NAS 1991).
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in 84 cases of acute gastroenteritis resulting from
consumption of oysters harvested in the Cabbage Reef area off
Louisiana (Kohn et ale 1995). In January, 1995, over 34 cases
of gastroenteritis were linked to consumption of oysters
harvested in Apalachicola Bay, Florida (CDC/MMWR 1995). In
both instances, the shellfish implicated were harvested from
waters which met federal safety standards (as delineated in
the National Shellfish sanitation Program - NSSP) .
2. Hepatitis A
Hepatitis A virus (HAV) is a member of the family
Picornaviridae, which also includes the Polio virus (NAS
1991). Although there are over 200 known picornoviruses, only
HAV "has been documented as a cause of seafood-associated
illness" (NAS 1991). Because Hepatitis A is spread via the
fecal-oral route, shellfish-associated cases typically occur
when growing waters are contaminated by fecal pollution (NAS
1991) .
Between 1961 and 1987, the Hepatitis A virus was linked
to approximately 1,400 cases of shellfish-associated illness
in the United states (Richards 1987). However, the majority
of these cases occurred before 1978. From 1978 to 1987 the
Centers for Disease Control's (CDC) surveillance system
reported merely 125 cases of shellfish-associated HAV; 92 of
which were due to contamination from food handlers (NAS 1991).
During that time the FDA'S Northeast Technical Surveillance
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unit (NETSU) reported another 1,700 Hepatitis cases of
unspecified viral type (NAS 1991). It is likely that some of
these cases were caused by HAV14 •
Although documented HAV cases have declined, Hepatitis A
is still a public health concern. It is "one of the most
serious seafood-associated viral infections" (NAS 1991), often
causing malaise, appetite loss, nausea, vomiting and fever
(Ballentine 1984). Symptoms typically last 21 days (Desenclos
et al. 1991). In severe cases, HAV infections cause liver
damage and may result in death (Ballentine 1984).
Bacteria
Unlike enteric viruses, many bacteria which have been
implicated in shellfish-associated disease are indigenous to
the marine environment and are not associated with fecal
pollution. According to Liston (1990), these naturally-
occurring bacteria have replaced enteric bacteria as the
primary causes of shellfish-associated bacterial disease. The
species most frequently implicated in shellfish-borne illness
outbreaks "fall within the family Vibrionaceae, which includes
the genera Vibrio, Aeromonas and Plesiomonas" (NAS 1991). Of
14 Please note that CDC reports of shellfish-
associated disease include both crustacean and molluscan
sources while NETSU
reports only illnesses from bivalve molluscs (NAS 1991).
Therefore, for the purposes of this study, greater weight is
given to NETSU data.
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these species, the most important are of the genus Vibrio.
Vibrio bacteria live throughout the ocean but thrive in
mildly salty estuarine waters with temperatures of 20-30
degrees Celsius (Liston 1990; NAS 1991). Correspondingly,
most cases of bacterial shellfish disease in the United States
occur during late summer and early fall, when bacterial counts
are highest (Blake 1983; NAS 1991). Blake (1983) states that
for individuals orally infected with Vibrio, the vehicle of
transmission is almost exclusively raw or undercooked
shellfish, or seafood cross-contaminated after cooking and
allowed to incubate before consumption. In the United States,
the most common Vibrio-related illnesses are caused by y.
cholerae, y. parahaemolyticus, and y. vulnificus (Liston
1990).
1. Vibrio cholerae
y. cholerae, the causative agent of cholera, is probably
the best known Vibrio species. It is an anaerobic bacterium,
highly salt tolerant, which flourishes at temperatures ranging
from 18 to 37 degrees Celsius (Hackney and Dicharry 1988).
Historically, the presence and transmission of y. cholerae was
thought to be directly related to fecal contamination of food
and water. However, y. cholerae strains are now known to
survive freely in marine environments (NAS 1991). This
bacterium has been isolated along the eastern, western and
Gulf coasts of the United States (Hackney and Dicharry 1988).
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y. cholerae may be divided by serotype into two main
groups,
O-Group 1 (known as 01) and non O-Group 1 (non-Ol or EI Tor
cholerae) (Hackney and Oicharry 1988). Although both groups
may cause gastrointestinal illness, y. cholerae 01 causes the
more severe "classical" cholera (cholera gravis). Its
symptoms include nausea, vomiting and a "profuse, watery
diarrhea that leads to severe dehydration and electrolyte
loss" (Ryser and Marth 1989). The dehydration caused by
cholera gravis is so severe that without proper treatment, up
to half of infected individuals may die due to fluid loss and
circulatory collapse (Ryser and Marth 1989; NAS 1991).
Unlike y. cholerae 01, most non 0-1 strains lack the
cholera toxin gene15 and typically cause a milder illness
(Hackney and Dicharry 1988; Liston 1990). Symptoms associated
with El Tor cholerae include nausea, abdominal pain and
diarrhea (Ryser and Marth 1989). Severe cases, however, may
still result in soft tissue infections, septicemia, and
eventual death16 (NAS 1991). In the United States, almost
all individuals infected with El Tor cholera reported eating
raw shellfish prior to the onset of illness (NAS 1991).
15 According to Hackney and Dicharry (1988), only 5%
of V. cholerae non-01 strains carry the cholera toxin gene
which causes the most severe cholera illness.
16 From 1981 to 1993, the Florida Department of Health
reported 4 shellfish-related deaths caused by Vibrio
cholerae non 0-1 (Hlady 1994),
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Of the two cholerae strains, El Tor (non 0-1) cholerae is
more prevalent in U.S. coastal waters and, as a result, is a
more common cause of shellfish-borne illness (Liston 1990).
In the 10-year span from 1978 to 1987 there were 120
documented cases of shellfish-related El Tor cholera (NAS
1991). During the same period, only 13 shellfish-borne cases
of classical cholera were reported (NAS 1991).
As with other shellfish-related illnesses, it is likely
that the number of documented cases greatly under-represent
the actual number of consumers who have contracted cholera.
This is because many sporadic cases of shellfish-borne illness
are never reported to pUblic health authorities and numerous
mild, self-resolving incidents of diarrhetic or
gastrointestinal illness receive no treatment or analysis
(Liston 1990; Stelma and McCabe 1992).
2. Vibrio parahaemolyticus
y. parahaemolyticus, a naturally-occurring warm water
bacterium, is the most common bacterial contaminant found in
u.s. shellfish (Hackney and Dicharry 1988). Being
halophilic, y. parahaemolyticus flourishes in salt water and
is often found in molluscs when water temperatures exceed 15
degrees Celsius (NAS 1991). It has been isolated in all U.S.
coastal marine environments including the waters of Hawaii,
the Pacific Northwest, the Gulf of Mexico and New England
(Hackney and Dicharry 1988).
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Although common, most y. parahaemolyticus strains are not
pathogenic and do not cause illness in humans (Hackney and
Dicharry 1988). According to the NAS (1991), the ability to
cause illness is usually dependent upon the presence of a
heat-stable hemolysin (NAS 1991), a substance which acts to
dissolve red blood cells. However, some y. parahaemolyticus
strains, identified as nonhemolytic, have recently been
associated with illness along the u.s. Pacific coast (NAS
1991) .
From 1978 to 1987, the NETSU documented 52 cases of y.
parahaemolyticus infection caused by consumption of molluscan
shellfish (NAS 1991). During the same period, the CDC
reported 176 shellfish-associated cases (NAS 1991). Several
cases were also reported during a 1989 outbreak in the Pacific
Northwest (NAS 1991) . Typical symptoms of a y.
parahaemolyticus infection include "diarrhea (sometimes
bloody), abdominal cramps, nausea, vomiting, headaches, fever
and chills" (Hackney and Dicharry 1988). Although rarely
fatal, the Florida Department of Health has attributed 3
mortalities to this Vibrio since 1981 (Hlady 1994). In all
three instances, molluscan shellfish were implicated as the
vehicle of infection (Hlady 1994).
In other countries, where raw seafood is eaten more
frequently than in the U.S., y. parahaemolyticus is a much
greater concern of pUblic health authorities. For example,
since its identification in 1950 this Vibrio has been
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implicated in over 38,000 Japanese disease outbreaks and
regularly accounts for over half of Japan's bacterial food
poisonings (Hackney and Dicharry 1988). AlthoughY·
parahaemolyticus infection has never become epidemic in the
United states it is likely that many consumers who eat raw
seafood, particularly molluscan shellfish, have been exposed
to these bacteria.
3. vibrio vulnificus
Vibrio vulnificus is a naturally-occurring, toxin-
producing bacterium known to cause illness in human shellfish
consumers. It is part of the normal bacterial flora of
estuaries along the U.s. Gulf, Atlantic, and Pacific coasts
(NAS 1991) and has been isolated from marine waters and
shellfish of all coastal states (O'Neill et ale 1990).
Similar to other Vibrio species, y. vulnificus is mildly
halophilic, growing best in brackish and estuarine
environments with salinity rates between 0.7 and 1.6 percent
(Ennis et ale 1990). It is most prevalent in the summer and
early fall when water temperatures exceed 20 degrees Celsius
(Hackney and Dicharry 1988; Ennis et ale 1990).
Of all known Vibrio species, y. vulnificus is potentially
the most dangerous to humans. It is capable of causing
severe, life-threatening disease in shellfish consumers,
particUlarly those with immuno-deficiencies or chronic disease
(see Chapter V) .
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According to the NAS (1991), the majority of y.
vulnificus-induced illness is caused by the consumption of raw
oysters (Crassostrea virginica). Johnston et ale (1985) found
that 89 percent of patients who developed severe y. vulnificus
infections had eaten raw oysters within two weeks before the
onset of illness. However, y. vulnificus is not restricted to
oysters. strains have also been isolated from quohogs
(Mercenaria mercenaria), soft shell clams (Mya arenaria) and
mussels (Mytilus edulis) (Tilton and Ryan 1987).
Most patients develop symptoms 16 to 48 hours after
ingestion (Hackney and Dicharry 1988). Typical symptoms
include malaise, chills, fever and complete physical
exhaustion (Hackney and Dicharry 1988).
According to Whitman (1994), the most important factor in
illness severity is the susceptibility of the host. In
immuno-compromised individuals, y. Yulnificus infections
spread rapidly, often resulting in a poisoning of the blood
known as primary septicemia (NAS 1991). Almost all patients
who develop primary septicemia have a pre-existing chronic
illness (Whitman 1994). The mortality rate for these
individuals is approximately fifty percent (NAS 1991), but
approaches one-hundred percent when the individual suffers
from hypotension17 (Ennis et ale 1990).
Although y. vUlpificus is frequently isolated from
17 Hypotension is a condition in which an individual
suffers from abnormally low blood pressure.
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estuarine environments and shellfish living in estuarine
areas18 , infections have been relatively uncommon. From 1975
to 1989, there were 115 shellfish-associated cases ofY·
vUlnificus were reported in the u.s. (O'Neill et ale 1990).
At least 39 of these cases resulted in mortality (NAS 1991).
However, in 1992 there were at least 20 oyster-associated y.
vulnificus deaths in the united states, nine in Florida alone
(Booth 199 3) • Eight of the Florida cases involved elderly
victims with either immuno-deficiencies or a history of liver
disease (Booth 1993). Although the recent increase in y.
vulnificus deaths may be a statistical anomaly, it suggests
that current government shellfish safety programs need to be
reevaluated and appropriate control strategies developed to
ensure the protection of the public health (NAS 1991).
4. Other Vibrio
other Vibrio species which have been associated with
shellfish-borne illness include y. mimicus, y. hollisae, y.
fluvialis, and Yo furnisii (NAS 1991). Typical of the Vibrio
genus, these bacteria are naturally-occurring and flourish in
warm, estuarine environments. They however, are not commonly
identified as the causative agents of shellfish-borne illness.
Between 1978 and 1987 the NETSU reported merely 5 shellfish-
18 The FDA estimates that y. vulnificus bacteria
resides in 5 percent of all oysters harvested in u.s. waters
(Booth 1993).
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associated cases of y. mimicus, 5 of y. hollisae, 5 of y.
fluvalis and no cases of y. furnisii (NAS 1991). This may be
due, in part, to a lack of experience with vibrio species. In
fact, according to the NAS (1991), many U.S. laboratories do
not use appropriate isolation media needed to properly
identify vibrio taxonomy.
Infection by these "lesser" Vibrio species are typically
mild and of short duration (Hackney and Dicharry 1988).
Symptoms include diarrhea (sometimes bloody in the case of y.
mimicus), nausea, vomiting abdominal cramps (Hackney and
Dicharry 1991). However, as with other Vibrio bacteria, these
species may cause more severe illness in susceptible
individuals. According to Hlady (1994), at least one
shellfish-associated death in Florida has been caused by y.
Fluvialis infection.
Biotoxins
Marine biotoxins which affect molluscan shellfish
consumers are produced by microscopic marine algae known as
dinoflagellates and diatoms (NAS 1991; Anderson et al. 1993).
Like terrestrial plants, these organisms require sunlight for
growth and photosynthesis (White 1989). Under conditions of
optimal growth, they reproduce rapidly (or bloom) , discolor ing
the water with photo-synthetic pigments which are commonly
referred to as red tides (White 1989; Anderson 1994).
Phytoplankton blooms occur in all the world's oceans, but
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primarily affect coastal areas (White 1989). Although this
may be due, in part, "to nutrient enrichment (pollution) of
coastal waters by human activity" (White 1989), many of the
processes involved with the growth and accumulation of toxic
algal species are poorly understood (Anderson et al. 1993).
other factors which may influence toxic algal blooms may
include ocean temperature and ultraviolet radiation levels
(Anderson et al. 1993).
Although red tides typically indicate toxic conditions,
shellfish toxicity may occur in the absence of marine
discoloration (Noble 1990; Anderson 1994). Moreover,
shellfish which consume toxic algae during a bloom may harbor
toxins for weeks after the red tide abates (NAS 1991). Thus,
any toxic event, whether associated with marine discoloration
or not, is often referred to as a "red tide" (Anderson 1994).
Diseases caused by toxic shellfish consumption include
Paralytic Shellfish Poisoning (PSP) , Neurotoxic Shellfish
Poisoning (NSP) , Diarrhetic Shellfish Poisoning (DSP) and
Amnesic Shellfish Poisoning (ASP) (NAS 1991). These
conditions are outlined below:
1. Paralytic Shellfish Poisoning (PSP)
Paralytic Shellfish Poisoning is a potentially life
threatening neural disorder associated with a group of
organically-produced poisons known as saxitoxins (White 1989;
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NAS 1991). In the United states, saxitoxins are generated by
the dinoflagellate species Gonyaulax tamarenses, ~. catenella
and~. fundyense19 (NAS 1991; Anderson et ale 1993). Blooms
occur several times each year, primarily from April through
October, off the New England coast, from New York to Maine,
and in the Pacific northwest, from California to Alaska (NAS
1991; Anderson et ale 1993).
Saxitoxins act upon the human body by blocking the flow
of sodium ions through sodium channels in the nervous system,
thus interfering with peripheral nerve conduction and neural
transmission (Noble 1990; NAS 1991). Symptoms usually
manifest within an hour of toxic shellfish consumption and
include tingling, numbness, a burning of the lips and
fingertips, a dryness of the throat and skin, ataxia~,
giddiness, drowsiness, incoherence, aphasia21 , rash and fever
(NAS 1991). In severe intoxications, respiratory paralysis
occurs, often causing death within the first 12 to 24 hours
(Noble 1990; NAS 1991).
Between 1978 and 1987, there were at least 309 reported
19 These dinoflagellates are also known as Alexandrium
tamarenses, A. catenella and A. fundyense (Price and Price
1990; Anderson et ale 1993).
20 Ataxia is the inability to coordinate voluntary
muscle movements, ie. a loss of voluntary muscle control
(Mirriam- Webster 1978).
21 Aphasia is the loss of speech or the inability to
correctly form words (Mirriam-Webster 1978).
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cases of Paralytic Shellfish poisoning in the United states,
only two of which resulted in consumer mortality (NAS 1991).
Thirteen additional cases occurred in California between 1989
and 1991 (Digitale 1991). Although PSP intoxications are
often associated with shellfish harvested recreational from
closed areas, commercially harvested shellfish are equally
susceptible to toxin accumulation and have been responsible
for several illness outbreaks (NAS 1991).
2. Neurotoxic Shellfish Poisoning (NSP)
Neurotoxic shellfish poisoning (sometimes referred to as
brevetoxic shellfish poisoning, or BSP) is caused by the
ingestion of shellfish that have fed on the red tide organism
Gymnodinium breve (formerly Ptychodiscus brevis) (Ahmed 1991:
NAS 1991). Although Gymnodinium breve blooms occur primarily
in the Gulf of Mexico and off the Atlantic coast of Florida,
toxic organisms are occasionally carried north in the Gulf
Stream and have been isolated in mid-Atlantic states (Ahmed
1991: NAS 1991).
Gymnodinium breve produces two separate brevetoxins
which, upon ingestion, rapidly bind to and disrupt cells
within the nervous system. Symptoms include tingling and
numbness of the lips, tongue and throat, muscular aches,
dizziness, ataxia, reversal of hot and cold temperature
sensations, and gastrointestinal distress, the latter being
the most commonly reported (Noble 1990: NAS 1991). Although
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uncomfortable, NSP is rarely fatal and symptoms typically
subside within a few hours (NAS 1991).
Between 1975 and 1986, no NSP intoxications were reported
in the united states (NAS 1991). However, in 1987, a bloom of
Gymnodinium breve off North Carolina led to 48 NSP cases
within a six-month period (NAS 1991). Although no cases have
been reported in the u.s. since 1988, sporadic dinoflagellate
blooms could, at any time, create high-risk conditions for
shellfish consumers.
3. Diarrhetic Shellfish Poisoning (DSP)
Diarrhetic Shellfish Poisoning is a gastrointestinal
illness caused by the ingestion of shellfish which have fed
upon dinoflagellates in the Dinophysis family, particularly .Q.
fortii and .Q. acuminata22 (Ahmed 1991; NAS 1991). Toxicity
results from acidic polyethers such as okadaic acid which are
produced naturally within the algae (Maranda and Shimizu 1987;
Ahmed 1991).
The symptoms of DSP intoxication typically manifest
within the first few hours of shellfish ingestion and include
diarrhea, nausea, vomiting and abdominal pain (Ahmed 1991; NAS
1991; Anderson et ale 1993). The illness is self-resolving
and typically subsides after a few days (Ahmed 1991; NAS
22 Diarrhetic Shellfish Poisoning may also be
associated with dinoflagellates of the genus Prorocentrum
(Ahmed 1991; NAS 1991).
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1991).
Although there have been no confirmed outbreaks of DSP in
the United states, hazards exist for U.S. consumers.
Dinophysis species frequently inhabit U.s. waters and
extensive blooms have been documented in coastal estuaries
including Narragansett Bay, Rhode Island (Maranda and Shimizu
1987) . Hazards may also exist in shellfish and shellfish
products imported from foreign countries, particularly
canada23 , Japan and the nations of Western Europe (Ahmed
1991: NAS 1991: Anderson et ale 1993).
4. Amnesic Shellfish Poisoning (ASP)
Amnesic Shellfish poisoning is caused by ingestion of
shellfish contaminated with domoic acid, a water-soluble amino
acid. Domoic acid is produced by diatoms of the Nitzschia
family, such as N. pungens and N. psuedoseriata (Ahmed, 1991:
NAS 1991). In the U.S., domoic acid has been isolated in
organisms from Alaska, California, Maine, Oregon and
Washington (Todd 1993). Nitzschia species have also been
"isolated from Gulf of Mexico waters, though no toxin has yet
been detected in the field" (Anderson et ale 1993).
In the human body, domoic acid impersonates glutamic
acid, the body's normal neurotransmitter (Lee 1992). Initial
symptoms are gastroenteric and include nausea, vomiting,
23 One DSP intoxication was reported in Canada in 1990
(Ahmed 1991: NAS 1991).
134
abdominal cramps and diarrhea (NAS 1991; Anderson et ale
1993). In severe intoxications, domoic acid disrupts normal
neurochemical transmissions (Anderson 1994), causing neurons
in the brain to fire continuously until they rupture (Lee
1992). This results in disorientation, dizziness, memory loss
and tissue destruction, particularly in the hippocampus region
(NAS 1991; Anderson 1994). SYmptoms typically manifest within
48 hours of toxic shellfish ingestion and, in severe cases,
may result in death (Perl et ale 1990; Anderson et ale 1993).
Although algae which produce domoic acid are indigenous
to the marine environment, ASP was not identified as a
shellfish-associated disorder until 1987 when a series of
outbreaks in Atlantic Canada infected 150 consumers (Perl et
ale 1990; Todd 1993). In 1991, Canadian authorities reported
another 24 intoxications (Lee 1992). Since 1991, human
illnesses have been attributed to consumption of razor clams
containing domoic acid in Washington state (Todd 1993).
Chemicals
Chemical shellfish contaminants are anthropogenically-
derived organic and inorganic compounds found in marine
ecosystems. Like other contaminants, these chemical compounds
are taken up by molluscan shellfish during routine feeding and
may be harbored in shellfish tissue. Many of these compounds
are potentially toxic to human consumers.
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1. Inorganic Compounds
According to the NAS (1991), the inorganics with the
greatest potential for human toxicity via shellfish ingestion
are arsenic, cadmium, lead and mercury. These are outlined
below:
1a. Arsenic
Arsenic is a heavy metal used in the manufacture of
pesticides, herbicides, and other agricultural products. It
is also a by-product of mining and smelting operations (NAS
1991). Arsenic, in its inorganic forms, is extremely toxic to
humans (NAS 1991) . Chronic exposure may cause
gastroenteritis, kidney inflammation (nephritis), liver
disease (hepatomegaly) , degenerative nerve conditions
(neuropathy), and a variety of skin lesions (NAS 1991). At
the molecular level, chronic arsenic exposure may upset
cellular metabolisms and damage DNA structures (NAS 1991).
According to the NAS (1991), the predominant forms of
arsenic that exist in aquatic organisms are the less-toxic
organics (arsenobetaine and arsenocholine). Currently, there
is no evidence which suggests that these organic compounds,
named "fish arsenics"
. , cause toxic effects in humans (NAS
1991). However, it is possible that some aquatic organisms
may bio-accumu1ate inorganic arsenic compounds or that some
organics may be metabolized to inorganic forms within the
human body (NAS 1991).
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The 1986 Mussel Watch Survey found arsenic in oysters and
mussels from 145 sample sites (NAS 1991). The 7 sites with
the highest arsenic levels (greater than 2.8 parts per
million) were all in the Southeast region. They were Cape
Fear, N.C., Cedar Key, FL., Charollete Harbor, FL., Charleston
Harbor, S.C., Rookery Bay, FL., Sapelo Sound GA., and Savannah
River Estuary, GA. (NAS 1991).
lb. Cadmium
Cadmium is a toxic metal found in paint additives,
phosphatic fertilizers, electroplating or galvanizing
byproducts and wastewater from zinc and lead mining operations
(NAS 1991). It is also found naturally in its metal form and
in various sulfides and sulfates (NAS 1991). In the marine
environment, cadmium contamination often results from the
dumping of solid wastes and sewage sludge (NAS 1991).
Molluscan shellfish (and crustacea) are particularly
susceptible to the bioaccumulation of cadmium (NAS 1991).
However, because the introduction of cadmium in aquatic
organisms stimulates the production of metallothioneine,
cadmium bioaccumulated in shellfish tissues is less-toxic than
other cadmium sources (NAS 1991). Chronic human exposure to
cadmium may affect bones, the liver and kidneys (NAS 1991).
1c. Lead
Lead contamination is problematic because it is
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ubiquitous to the environment, being found in the air, on
land, and in aquatic settings (NAS 1991). sources include
ammunition, batteries, solder, paints, pipes, brass and
fishing tackle.
Although lead poisoning is most frequently associated
with children who ingest paint chips or inhale paint dust (NAS
1991), caution must also be exercised with the consumption of
seafood, particularly with organisms harvested from urban
areas. Because lead crosses from maternal to fetal
circulatory systems, pregnant women who ingest even low levels
of lead place their fetuses at risk (NAS 1991). Fetal
exposure may result in learning and behavioral disabilities in
infants and preschool children (NAS 1991).
Id. Mercury
Mercury is a heavy metal found naturally in several
forms, the most toxic being its methylated state
(methylmercury) (NAS 1991). Methylmercury is created when
anaerobic bacteria break down divalent mercuric salts (NAS
1991) . It is easily absorbed after ingestion and is the
predominant form found in aquatic organisms (NAS 1991).
Human exposure to mercury may cause cellular damage,
particularly in the kidneys and brain (NAS 1991). Brain
damage may result in paresthesia, loss of coordination,
involuntary tremors, and epileptic-like seizures (NAS 1991).
Fetuses and nursing infants whose mothers are exposed to even
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low levels of methylmercury may fall victim to mental
retardation (NAS 1991).
2. organic compounds
There are many organic compounds which are potential
seafood contaminants. These include industrial byproducts
(poly-chlorinated biphenyls (PCBs) , poly-aromatic hydrocarbons
(PARS) and dioxins), chlorinated hydrocarbon pesticides,
herbicides and aquaculture byproducts (antibiotics, hormones,
water quality regulators) (NAS 1991). Many of these chemicals
are documented or suspected carcinogens. This discussion will
focus on two maj or carcinogenic groups which contaminate
shellfish, PCBs and PARs.
2a. Polychlorinated biphenyls (PCBs)
Polychlorinated biphenyls are a class of over 200
distinct compounds produced by complete or partial
chlorination of biphenyl molecules. In the U.S., PCBs were
manufactured under the trade name Aroclor and were used as
liquid insulators in electrical equipment, as protective
coatings, in carbonless carbon paper, and in hydraulic fluids
(Eisenreich et ale 1981: NAS 1991). Between 1930 and 1970
over 500,000 tons of PCBs were released in North America
(Nriagu and Simmons 1984). Although its use was prohibited in
the late 1970 with passage of the Toxic Substances Control
Act, the unusually slow rate of environmental degradation
combined with chronic discharges from dumps and old equipment
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make PCB contamination an ongoing problem (NAS 1991).
Once released into the environment, PCBs often accumulate
in water sources and marine sediments. Being highly
lipophilic, PCBs are incorporated into fatty animal tissues
(NAS 1991), and have been found in shellfish exposed to
contaminated sediments (Rubinstein et ale 1983).
Although principal human health concerns from PCB
exposure are carcinogenic, the precise mechanisms by which
PCBs cause cancers are unknown (NAS 1991). Other concerns
include alterations in human birth rates, and neurological
damage in some fetuses whose mothers have had high exposure
rates (NAS 1991).
2b. Polycyclic Aromatic Hydrocarbons (PAHs)
Polycyclic Aromatic Hydrocarbons (PAHs) are a group of
organic compounds which are produced by nearly all fuels when
burned under oxygen-deficient conditions (McVeety et ale
1988). They are commonly released during home heating, waste
incineration and other common industrial practices such as the
production of tar and asphalt (Hallet and Brecher 1984). Once
released, PAHs are quickly adsorbed by airborne particles
(soot, fly ash) and are deposited onto the Earth's surface
(Hallet and Brecher 1984). Many of these hydrocarbons settle
into the ocean and become trapped in solution. However, a
significant percentage remain in the particles of transport
and are eventually incorporated into marine sediments (Hallet
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and Brecher 1984).
As with other shellfish contaminants, polycyclic Aromatic
Hydrocarbons may be ingested by molluscs during routine
feeding activities. They have been detected in shellfish
harvested throughout the united states including Alaska,
Hawaii, Maine, Rhode Island and Washington (NAS 1991).
However, little data exists on the actual distribution of PAH
contamination nationwide (NAS 1991).
PAHs are known to contain some documented carcinogens
such as benzopyrene (NAS 1991). However, in the Rhode Island
example, benzopyrene was responsible for only 1% of the total
PAHs measured (NAS 1991). According to the NAS (1991), the
relative hazards of other, more prominent PAHs have not been
assessed. Because shellfish consumers have the potential to
purchase shellfish with elevated levels of these organic
carcinogens, there is reason for concern.
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placement of warning labels on alcohol containers. If warning
labels do increase consumer knowledge24 , and consumers
advocate labelling policies, then product warnin9 s should be
mandated on potentially hazardous consumer products.
Shellfish warning Labels
Because molluscan shellfish are known to cause morbidity
and mortality in the consumer, particularly in highly
susceptible populations, they can appropriately be categorized
as potentially hazardous consumer products. Following the
argument presented above, if shellfish and raw shellfish
products are viewed as potentially hazardous and are not
banned from the market, they are likely candidates for warning
labels.
The question of shellfish warning labels has drawn mixed
reactions from government entities. According to the CDC,
shellfish warning labels are a "good idea" and could be an
"important component" of a consumer education program (Boyce
1995). The ISSC believes that warning labels could supplement
a successful pUblic health program and has drafted a sample
warning for states to use (Moore 1996). This warning reads:
24 Please note that consumer knowledge does not always
correspond to behavior alterations. Although the pUblic
desires food safety information, many consumers do not "make
better decisions when information is available" (Mazis
1980) •
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WARNING
EATING RAW OYSTERS MAY CAUSE SEVERE ILLNESS AND EVEN
DEATH IN PERSONS WHO HAVE LIVER DISEASE (FOR EXAMPLE
ALCOHOLIC CIRRHOSIS), CANCER OR OTHER CHRONIC ILLNESSES
THAT WEAKEN THE IMMUNE SYSTEM. If you eat raw oysters
and become ill, you should seek immediate medical
attention. If you are unsure if you are at risk, you
should consult your physician.
Although most states routinely issue consumption advisories
for potentially dangerous food products, these three were the
first to require the provision of specific shellfish warnings
at the point of purchase. If shellfish hazards are found to
be significant, other states, including Rhode Island, should
investigate the use of labels as part of similar education
efforts.
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APPENDIX I'
SUPPLEMENTAL ANALYSIS OF THE HIGH-RISK SUBPOPULATION
This research study focused on the potential health
hazards associated with consuming shellfish in the state of
Rhode Island. One important facet of this work was an
investigation and discussion of the unique hazards faced by
the elderly and those consumers sUffering from chronic
illness. Separate testing of this high-risk sUbpopulation
provided crucial behavioral and cognitive data regarding those
consumers at greatest risk of contracting food-borne illness.
After reviewing the main research study, it was
determined that further testing could be performed on the
high-risk sUbpopulation. Thus, a T-test for means was used to
compare the sUbpopulation against the statistical universe
(primary population) to show whether or not the two groups
were statistically similar. By showing disparity between the
groups, this section attempted to further differentiate the
thoughts and behaviors of high-risk consumers from those in
the primary population. This may lead to a greater
understanding of shellfish consumption characteristics in the
state of Rhode Island. The test results are shown below in
Table 22:
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APPENDIX G
SUPPLEMENTAL DATA TABLES AND VARIABLE EXPLANATION
The following tables present the data generated by the
shellfish consumption survey. These tables were compiled
using SPSS statistical software. They were included in this
appendix to provide baseline data for future research efforts.
Thirty-one variables were used in the data tables. These
variables correspond directly to survey questions. The
variables are defined and explained below:
id- This variable identified a given set of observations,
allowing a cross-reference with the actual completed survey.
age- On a six-point scale this variable showed respondent's
age. It was associated with survey question 2.
eat- Represented how often shellfish were eaten by respondent
(question 3).
serve- Represented amount of shellfish eaten in an average
serving (question 4).
raw- Represented what percentage of shellfish were eaten raw
(question 5).
steamed- Represented what percentage of shellfish were eaten
lightly steamed (question 5).
percept- Represented respondent's perception of risk regarding
their personal shellfish consumption (question 6).
knowl- Response to the first knowledge question (question 7) .
One "1" represented a correct answer and zero "0" represented
an incorrect answer.
know2- Second knowledge question (question 8).
know3- Third knowledge question (question 9).
know4- Fourth knowledge question (question 10).
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know5- Fifth knowledge question (question 11).
know6- sixth knowledge question (question 12).
know7- Seventh knowledge question (question 13).
knowS- Eighth knowledge question (question 14).
know9- Ninth knowledge question (question 15).
knowl0- Tenth knowledge question (question 16).
warningl- Response to the first warning label query (question
17) . A response of one "1" indicated that the respondent
agreed that their behaviors would be modified in this manner.
warning2- Second warning label query (question 17).
warning3- Third warning label query (question 17).
warning4- Fourth warning label query (question 17).
warning5- Fifth warning label query (question 17).
warning6- Sixth warning label query (question 17).
i11- A response of one "1" indicated that the respondent had
previously suffered a shellfish-related illness. A response
of two "2" indicated no previous illness.
often- Indicated how many times an illness had occurred.
medica1- A response of one "1" indicated that the illness was
so severe that it required medical treatment.
chronic- A response of one "1" indicated that the respondent
suffered from some pre-existing health condition which
increases their susceptibility to foodborne illness.
knows- This variable represented the calculated knowledge
ratings from survey questions 7 through 17.
eatraw- Represents the amount of shellfish eaten raw in an
average year.
eatsteam- Represents the amount of shellfish eaten lightly
steamed in an average year.
unsafeat- Total amount of shellfish eaten in an unsafe manner
(raw or lightly steamed) in an average year.
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associated with vibrio illness (stuckey 1996). However, there
are several other aspects of shellfish-related illness which
have not been specifically addressed. For example, these
education efforts do not address:
• hazards associated with the consumption of lightly
steamed shellfish;
• many hazards which may cause discomfort, but are
unlikely to be fatal (ie. Norwalk or other
gastrointestinal ailments);
• hazards faced by "healthy" consumers who eat raw
shellfish.
1993 Food Code
In 1993, the USFDA published new food regulations which
were intended to reduce foodborne illness. These regulations,
known as the 1993 Food Code (hereafter The Code), required all
states to promulgate regulations which "established minimum
standards for sanitation and safety in food businesses" (RIDOH
1994). This included all operations which store, prepare,
serve, vend, or otherwise provide food for human consumption
(RIDOH 1994).
Included within the Code were standards of food handling,
such as stipulations on employee health and personal
sanitation. Also included were food preparation and
maintenance directives, including proper cooking temperatures
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FDA Education Efforts
Over the past several years a top priority of the US-FDA
has been the education of consumers regarding food safety
hazards. Seafood safety, in particular, has received
considerable attention. In October of 1992, the FDA created
the 24-hour seafood safety hotline (1-800-332-4010). This
system provided consumers with access to pre-recorded messages
regarding seafood hazards, seafood nutrition, proper storage
and safe consumptive behaviors. For specific questions it is
staffed by pUblic affairs specialists for four hours a day.
In addition to the telephone information service, the FDA
has instituted a Vibrio vulnificus awareness program which
specifically targets high-risk consumers. In 1994 and 1995,
the FDA spent over $500,000 dollars on this campaign (Stuckey
1996) • This effort included the pUblication of brochures
detailing the risks of raw shellfish consumption (Nightingale
1994) and the use of advertisements in various media outlets
including newspapers and radio stations (Stuckey 1996). These
efforts targeted the four primary at-risk popUlations (those
with chronic liver disease, diabetes mellitus, immune
disorders, and gastrointestinal disorders) and detailed proper
consumption behaviors and the symptoms associated with Vibrio
infections (Nightingale 1994; Stuckey 1996).
According to the FDA, recent education efforts have
succeeded in informing high risk consumers of health hazards
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for foods of animal origin.
One specific provision which related to shellfish
consumption mandated the use of written advisories for certain
food products. Under this provision, all raw or undercooked
animal products served in food establishments must carry a
consumer advisory. The intent of this advisory was to
highlight "the significantly increased risk associated with
certain especially vulnerable consumers eating such foods in
raw or undercooked form" (JUlian 1995). The recommended
advisory is as follows:
•• This item is raw or partially.cooked and can increase your
risk of illness. Consumers who are especially vulnerable to
foodborne illness should only eat seafood and other food from
animals thoroughly cooked.
This advisory represented the first significant attempt
at the federal level to mandate the provision of food safety
information in food serving establishments. However, this
advisory is likely to be of limited effectiveness as a
consumer education tool because it is non-specific and lists
neither associated illnesses nor conditions of vulnerability.
Consumers may also be unaware that their health conditions
increase susceptibility to food-borne illness. This may lead
vulnerable consumers to unknowingly disregard the warning
statement. Unless reinforced by supplemental education
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efforts, this advisory may either be ignored or misinterpreted
by consumers. The advisory will also be limited
geographically. Although the Code technically applies to all
locations where food is sold, the RIDOH decided to implement
its provisions only in food service establishments such as
restaurants and institutional cafeterias (Lee 1995). Thus,
consumers who buy shellfish in a retail setting for home
consumption may not be reached by this program.
According to Department of Health spokesman Ron Lee, the
RIDOH did consider expanding the advisory to retail markets
which sell food for home consumption (Lee 1995). However, it
was decided that Food Code advisories would only target food-
preparation establishments (Lee 1995). For now, consumptive
behaviors in the home would be left to the discretion of the
consumer (Lee 1995).
Summary
As of 1996, there were five distinct programs at the
federal level which specifically addressed shellfish-
associated health hazards. They were the National Shellfish
Sanitation Program (NSSP), FDA importation control mechanisms,
foodborne disease reporting programs, federal education
efforts and the 1993 Food Code. These programs were all
sanctioned or mandated by the FDA in an attempt to provide
greater levels of protection to consumers and to increase
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awareness of potential hazards.
Although these efforts have reduced the frequency of
shellfish-associated illness in the consuming pUblic, they
have not been able to provide a safe product. According to
the NAS (1991), the majority of seafood illnesses are still
caused by molluscan shellfish. This is partly due to the
consumptive behaviors of consumers who prefer to eat shellfish
raw or lightly cooked. However, some illnesses are also the
result of ineffective program provisions, the most important
example being the use of coliform tests to indicate
contamination of shellfish harvesting areas.
It is likely that all foods have some inherent hazards
which may cause illness in the consumer. Shellfish hazards
are significant because they may lead to severe illness and
possible mortality, particularly in immuno-comprised
consumers. until government agencies and the pUblic can
determine acceptable tolerance levels for shellfish hazards,
protection programs should strive for absolute hazard control.
Because molluscan shellfish cause illness in consumers there
is a demonstrable need to improve current protection programs.
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APPENDIX E
AN EXTENDED DISCUSSION OF WARNING LABELS
Introduction
Warning labels are a means of information provision in
which product safety messages are placed directly on packaging
or are posted in the purchasing environment. Typically, this
information indicates potential product hazards and specifies
proper actions to be taken by the consumer to avoid safety
problems (Schultz 1980). warning labels additionally serve to
limit the liability of the manufacturer in cases of product-
associated accidents or illness (Schwartz et al. 1983).
The Effectiveness of warning Labels
Warning labels are used to inform consumers of product
safety hazards with the belief that this information will
facilitate safe product usage. However, for warning labels to
be effective, consumers must read the label, comprehend the
message, and use the information correctly (Hadden 1991).
Research has shown that this does not always occur: some
consumers either do not read warning labels (Dorris and
Purswell 1978: Wright 1979) or ignore safety instructions
(Lehto and Miller 1988). Due to these results, no consensus
currently exists on the extent of influence that warning
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labels have on consumer behavior.
Warning Labels and consumer Preference
Although of questionable effectiveness, warning labels
are an integral part of U.S. consumer protection policies.
Under U.S. law, many potentially hazardous consumer items,
such as alcohol, cigarettes and various over-the-counter
drugs, are allowed to remain on the market providing the
inclusion of product warnings. The determination of
government regUlatory techniques (ie. whether to restrict,
label or ban a certain product) are based on many factors, not
the least of which is consumer preferences (Schultz 1980). In
many instances consumers prefer that the government make
safety decisions for them (Schultz 1980). This often results
in the prohibition of hazardous products. However, if enough
consumers want to use a particular product and are willing to
accept associated risks (as in the case of alcohol and
cigarettes), the government may instead mandate warning labels
or other means of information provision, thereby allowing
consumers to choose their consumptive behaviors.
One example of consumer-driven regulation is found with
the artificial sweetener saccharin. In 1977, after several
years of testing, the FDA proposed a ban on saccharin because
of its carcinogenic nature (Schultz 1980). This proposal,
however, was vehemently opposed by both manufacturers and
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consumer groups (Schultz 1980). This opposition influenced
Congress to override the FDA proposal and allow saccharin
products to remain on the market (Schultz 1980).
The saccharin example shows that u.s. product regulation
policies are not driven entirely by scientific data. Instead,
these policies are a combination of scientific facts, expert
interpretation of those facts, and societal value judgements
(Groth III 1991). Because the public perceived saccharin-
associated risks as acceptable, saccharin products stayed on
the market, albeit with the inclusion of product warnings.
warning Label Justification
Clearly, consumer preferences strongly influence food
policy decisions. However, even when society accepts product-
associated risks, governments are responsible for providing
hazard information (Gormley et al. 1987). In these instances,
barring the development of more effective information
provision strategies, product warning labels are a valid
consumer education tool.
Further justifications of warning label policies are
found in consumer attitudes regarding labels themselves.
Consumers claim that labels constitute the primary source for
their nutritional and safety information, and strongly endorse
their use (Mueller 1991). According to Kaskutas (1993),
eighty-seven percent of Americans sampled supported the
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placement of warning labels on alcohol containers. If warning
labels do increase consumer knowledge24, and consumers
advocate labelling policies, then product warnings should be
mandated on potentially hazardous consumer products.
Shellfish warning Labels
Because molluscan shellfish are known to cause morbidity
and mortality in the consumer, particularly in highly
susceptible popUlations, they can appropriately be categorized
as potentially hazardous consumer products. Following the
argument presented above, if shellfish and raw shellfish
products are viewed as potentially hazardous and are not
banned from the market, they are likely candidates for warning
labels.
The question of shellfish warning labels has drawn mixed
reactions from government entities. According to the CDC,
shellfish warning labels are a "good idea" and could be an
"important component" of a consumer education program (Boyce
1995). The ISSC believes that. warning labels could supplement
a successful pUblic health program and has drafted a sample
warning for states to use (Moore 1996). This warning reads:
24 Please note that consumer knowledge does not always
correspond to behavior alterations. Although the pUblic
desires food safety information, many consumers do not "make
better decisions when information is available" (Mazis
1980) •
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"As is the case with consuming other raw animal protein
products, there is a risk associated with consuming
raw oysters, clams, and mussels. If you suffer from
chronic illness of the liver, stomach or blood, or have
immune disorders, do not eat these products raw" (Moore
1996).
Although the FDA has no formal position on the use of
shellfish warning labels, it has advocated consumer education
programs and has made a strong effort to alert susceptible
populations to potential shellfish hazards (Stuckey 1996).
As of January 1996, shellfish warning labels have not
been mandated by the federal government. However, to protect
the pUblic health, three states have unilaterally instituted
warning label education programs. The states of California
and Florida and Louisiana currently require warning labels to
be prominently displayed in any restaurant or retail store
which sells raw oysters from the Gulf of Mexico25 (Rothchild
1990; Spear 1991; Sutton 1993).
California is shown below:
The required warning from
25 In Florida, shellfish warning labels must be placed
on both shellstock oysters and shucked oyster meats (Sutton
1993) .
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WARNING
EATING RAW OYSTERS MAY CAUSE SEVERE ILLNESS AND EVEN
DEATH IN PERSONS WHO HAVE LIVER DISEASE (POR EXAMPLE
ALCOHOLIC CIRRHOSIS), CANCER OR OTHER CHRONIC ILLNESSES
THAT WEAKEN THE IMMUNE SYSTEM. If you eat raw oysters
and become ill, you should seek immediate medical
attention. If you are unsure if you are at risk, you
should consult your physician.
Although most states routinely issue consumption advisories
for potentially dangerous food products, these three were the
first to require the provision of specific shellfish warnings
at the point of purchase. If shellfish hazards are found to
be significant, other states, inclUding Rhode Island, should
investigate the use of labels as part of similar education
efforts.
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APPENDIX F
SUPPLEMENTAL ANALYSIS OF THE HIGH-RISK SUBPOPULATION
This research study focused on the potential health
hazards associated with consuming shellfish in the state of
Rhode Island. One important facet of this work was an
investigation and discussion of the unique hazards faced by
the elderly and those consumers sUffering from chronic
illness. Separate testing of this high-risk sUbpopulation
provided crucial behavioral and cognitive data regarding those
consumers at greatest risk of contracting food-borne illness.
After reviewing the main research study, it was
determined that further testing could be performed on the
high-risk subpopulation. Thus, a T-test for means was used to
compare the subpopulation against the statistical universe
(primary population) to show whether or not the two groups
were statistically similar. By showing disparity between the
groups, this section attempted to further differentiate the
thoughts and behaviors of high-risk consumers from those in
the primary population. This may lead to a greater
understanding of shellfish consumption characteristics in the
state of Rhode Island. The test results are shown below in
Table 22:
159
-.
TABLE:22- :SUPPLEXENTAL::ANALYBISOF:BUBPOPULATION A
Me~J:l0f.prilna~ypoP\fla:tipn:~ .
. Mean ofsut.>.PPPul~ti9h:A; ."
7.0~
6.:97
,',::Result::::No.stat:isticald±'fferences existed"·between
: the. knowledge level0fprimary:pqptilation and
high-fisk sUbpqpulatlon. " .
Risk Perceptions
Meanof.,Primar:y population.:
Mean ofSUbpopulation;A:
Test statistic:T= ·4.69
3.95
4~34
Because 4 .69 was· greater than 2.• 04a ,test was
statistical-lys'ignif icant.
Re'sult:;: Statistically significant differences
,existed :betweenr.iskperceptions of primary
pqpulationaridhigh...risksubpoplilation.
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APPENDIX G
SUPPLEMENTAL DATA TABLES AND VARIABLE EXPLANATION
The following tables present the data generated by the
shellfish consumption survey. These tables were compiled
using SPSS statistical software. They were included in this
appendix to provide baseline data for future research efforts.
Thirty-one variables were used in the data tables. These
variables correspond directly to survey questions. The
variables are defined and explained below:
id- This variable identified a given set of observations,
allowing a cross-reference with the actual completed survey.
age- On a six-point scale this variable showed respondent's
age. It was associated with survey question 2.
eat- Represented how often shellfish were eaten by respondent
(question 3).
serve- Represented amount of shellfish eaten in an average
serving (question 4).
raw- Represented what percentage of shellfish were eaten raw
(question 5).
steamed- Represented what percentage of shellfish were eaten
lightly steamed (question 5).
percept- Represented respondent's perception of risk regarding
their personal shellfish consumption (question 6).
knowl- Response to the first knowledqe question (question 7) .
One "1" represented a correct answer and zero "0" represented
an incorrect answer.
know2- Second knOWledge question (question 8).
know3- Third knowledge question (question 9).
know4- Fourth knowledge question (question 10).
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knowS- Fifth knowledge question (question 11).
know6- sixth knowledge question (question 12).
know7- Seventh knowledge question (question 13).
know8- Eighth knowledge question (question 14).
know9- Ninth knowledge question (question 15).
knowlO- Tenth knowledge question (question 16).
warningl- Response to the first warning label query (question
17) . A response of one "1" indicated that the respondent
agreed that their behaviors would be modified in this manner.
warning2- Second warning label query (question 17).
warning3- Third warning label query (question 17).
warning4- Fourth warning label query (question 17).
warningS- Fifth warning label query (question 17).
warning6- Sixth warning label query (question 17).
i11- A response of one "1" indicated that the respondent had
previously suffered a shellfish-related illness. A response
of two "2" indicated no previous illness.
often- Indicated how many times an illness had occurred.
medica1- A response of one "1" indicated that the illness was
so severe that it required medical treatment.
chronic- A response of one "1" indicated that the respondent
suffered from some pre-existing health condition which
increases their susceptibility to foodborne illness.
knows- This variable represented the calculated knowledge
ratings from survey questions 7 through 17.
eatraw- Represents the amount of shellfish eaten raw in an
average year.
eatsteam- Represents the amount of shellfish eaten lightly
steamed in an average year.
unsafeat- Total amount of shellfish eaten in an unsafe manner
(raw or lightly steamed) in an average year.
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